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Long-range readability 
WITH 


Metrovick instruments 


With its modern scale presentation, the Metrovick FC2 Wattmeter 
can be accurately read from a distance of many feet. It is typical of 
a Wide range of instruments from Metropolitan-Vickers, including 
voltmeters, ammeters, power factor indicators and synchroscopes, 
developed for ease and reliability of use in modern power stations. 


DIAL SIZES: 4 in., 6 in., and 8 in. 
PATTERNS: Round projecting. Round flush (as illustrated), 
Round flush with square bezel. 
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It took centuries 
to build Ancient Egypt 


“9 With a length of this hose and a 
few detachable, re-usable fittings, 
a hoseline can be made in less 
than 60 seconds. Manufacturers of 
original equipment will realise the 
advantage to the operator of this 
speedy method of replacing dam- 
aged assemblies and keeping the 
machine in production. 


Aeroquip is suitable for all 
kinds of hydraulic and pneu- 
matic applications, for almost 
all kinds of liquids and gases 
and remains flexible at temp- 
eratures from-40°C to 120°C. 


\eroquip 


HOSE & DETACHABLE RE-USABLE FITTINGS 


Send -for our latest catalogue, giving a 


wealth of information on flexible piping. 


SUPER OIL 
SEALS & GASKETS LTD. FACTORY CENTRE BIRMINGHAM 30 
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THE BLUE PAGES 





@ APPLICATIONS OF 
CO-EXTRUSION TECHNIQUES 
Advances in extrusion tech- 
niques have led to the develop- 
ment of methods for the extrusion 
of bi-metal tubing and bi-metal 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





solid rod-like shapes. In this 

method, termed co-extrusion, one or more 
metals are forced through the extrusion die at 
the requisite elevated temperature, the product 
being a metallurgically bonded composite of the 
metals used in continuous length. Although co- 
extrusions were developed originally for nuclear 
applications, their use is now extending into the 
chemical, high-temperature, electrical, and elec- 
tronic fields. Co-extruded shapes in regular 
production includes flats, tubes, ribbed tubes, 
rods, and elliptical and rectangular cross- 
sections, but many other cross-sections can be 
extruded, including forms which do not have a 
uniform cross-section along the length of the 
extrusion product. These so-called ‘* stepped ” 
extrusions permit an abrupt change in cross- 
section; thus, for example, tubes can have a 
constant outside diameter and a varying inside 
diameter, or vice versa. Extrusion forging pro- 
cedures permit the formation of poppet valves 
for internal combustion engines or turbine- 
bucket shapes. Promising new products include 
co-extruded _ stainless-steel-clad molybdenum 
tubing for use in high-temperature structures, 
the molybdenum and stainless steel having the 
separate functions of providing the structure 
with high-temperature strength and good oxid- 
ation resistance, respectively. Similar tubing, 
ranging in size up to | in. and with varying ratios 
of steel to core, has also been fabricated with 
niobium in place of molybdenum. Co-extruded 
zirconium or titanium-clad copper tubing is 
another product which serves the purpose of 
providing in a single structure high thermal con- 
ductivity, combined with good resistance to 
various acid media. 


@ ELECTRICALLY HEATED AIRCRAFT 

COMPRESSOR BLADES 

In the operation of axial-flow compressors 
of gas turbines for aircraft propulsion, icing-up 
of parts is liable to occur under adverse atmo- 
spheric conditions, and various proposals have 
been made for the purpose of preventing or 
reducing such ice formation. One such proposal 
provides for heating of the blades of an axial 
compressor of an aircraft gas turbine by the 
production of eddy currents produced by the 
rotation of the rotor blading relative to magnet- 
ized stator blades. However, some icing condi- 
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lions require larger amounts of heat than can 
be supplied by the eddy-current method.. The 
latest proposal is to arrange an alternator co- 
axially with the rotor of the compressor, the 
stator comprising a number of armature coils, 
each of which is electrically connected to 
insulated end parts of a pair of the stator blades. 
Each of these circuits is closed by electrically 
connecting the other ends of the stator blades, 
and excitation of the alternator is accom- 
plished by a stationary field coil. As the altern- 
ator rotor is envisaged as a solid rotor, it will 
have sufficient strength to withstand the high 
stresses occurring at the high operating speeds of 
a gas turbine. It is stated that, for a maximum 
operating speed of 15,000 rpm, this alternator 
can produce a current of 1500 A in the stator 
vanes, the alternator output amounting to some 
5 kW. If it is desired to heat both the guide 
vanes and stator blades of the first compressor 
stage, this can be accomplished by appropriate 
circuit arrangements. In this case, the stator 
blades and the inlet guide vanes are insulated 
from the housing, and electrical connections are 
made from the rotor ends of the guide vanes to 
the outer ends of the stator blades. It is also 
possible to arrange the alternator to give a 
polyphase output. In addition to supplying the 
heating current for anti-icing purposes, the 
alternator may be arranged to supply heating 
current to other parts of the engine to be pro- 
tected against ice formation. 


@ TRAVELLING-WAVE TUBE FOR 

MILLIMETRE WAVELENGTHS 

A travelling-wave tube, which has an output 
of 100 mW or more at 55,000 Mcs with a band 
width of 10,000 Mcs, is now being developed. 
Interest in frequencies in this range has been 
stimulated by the possibility of long-distance 
transmission at millimetre wavelengths, using a 
circular electric mode in a round wave-guide 
pipe buried in the ground. The new tube is 
intended for use as a power amplifier in such a 
communication system, and has produced ten 
times more power output than has previously 
been attained with any other amplifier at this 
frequency. In the new tube a 7000-V, 3-mA 
electron beam is projected through a 4-in. long 
helix, with a bore of only 0-015 in. and is made 
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Linread 


Nuts to use nuts? Well, not exactly, but the fact that 

the Tapping Screw obviates the use of nuts is just one of 

its distinct advantages over the conventional Machine Screw. 
There’s the saving in time to consider too. And cost. 

And there’s no doubt whatever that the tapping screw 

makes for a better job all round. With its self-locating 

point the tapping screw forms its own thread thereby 
eliminating a separate and expensive tapping operation. 
Obviously it makes for easier assembly, is stronger, cheaper 
and faster. Safer too when the Phillips recessed head is specified, 
designed for power driving without damage to worker or job. 
You'll be well advised to change over to Tapping Screws. 
Nothing nuts about that ! 


LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS + HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 


AIRCRAFT BOLTS, SCREWS AND RIVETS 
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from copper-plated molybdenum wire, wound 
at 110 turns per inch. With a magnetic focusing 
field of about 1500 gauss, the beam current 
intercepted by the helix is held to within 5% or 
less. A converging electron gun is used, so that 
the cathode current density is held to about 
| A/cm*, making possible a cathode life of thou- 
sands of hours. Although similar in principle to 
helix-type travelling tubes used at lower fre- 
quencies, the millimetre wave tube called for 
an entirely new design because of the small 
dimensions involved. The helix is glazed to a 
single support rod of low-loss ceramic, instead 
of the more conventional three-rod support. The 
single rod is spring-loaded against a heat sink 
which has a direct heat-conduction path to the 
outside of the vacuum envelope. The required 
degree of precision is obtained by a combin- 
ation of optical alignment techniques and 
specially selected machining operations. In 
this way, tolerances of the order of 0-0001 in. 
can be maintained. It is reported that experi- 
mental tubes have been tested at 55,000 Mes 
and have given output powers ranging from 
125 to 200 mW. The gain at maximum output 
is 19 db and at low level 25 db. 


@ LIGHTWEIGHT CELLULAR CERAMICS 


It is reported that thin-walled ceramics 
formed into lightweight honeycomb structures 
are capable of withstanding temperatures of up 
to 1800°F with virtually no thermal expansion, 
and that continuous operation at 1290°F is 
possible. At these temperatures, the material is 
resistant to oxidation and corrosion and can 
withstand extreme thermal shock. It is con- 
sidered that the extremely low thermal expansion 
of such structures, in conjunction with their 
large surface area, should make them particularly 
useful as catalyst supports in gaseous heat ex- 
changers, and generally applicable in cases 
where a material of this type is required for 
elevated-temperature operation. Among other 
possible applications, air preheaters and after- 
coolers, burner plates or covers, column packing, 
and even architectural components are cited. It 
is possible to provide cellular ceramic structures 
in a wide range of shapes and properties, the 
composition of the material being varied to 
meet specific requirements. Discs of 20 in. dia- 
meter and 3? in. thickness have been made, a 
protective ring for the disc being formed by a 
tough coating of special material of corres- 
ponding thermal expansion and high-temper- 
ature resistance. A rim of this type, which can 
also be used as a mounting support, can be 
applied to all sizes of pieces, so as to protect the 
thin-edged walls of the honeycomb structure 
against excessive externally applied stresses. 
The compressive strength in the direction parallel 
to the channels is given as 2000 psi. The surface 
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area of a corrugated structure, with 20 holes per 
inch, is said to be 1500 sq ft per cu ft of structure. 
Of the total face area, 75 to 80°%% are voids. The 
density of the material is approximately 30 Ib 
per cu ft, and its specific heat at room temper- 
ature is 0:20. The average wall thickness is 
0-005 in. 


@ NICKEL ALLOYS FOR CAST TURBINE 

BLADES 

In the systematic development of a new 
alloy with a 100-hr stress-to-rupture strength of 
20,000 psi at 1800°F, nickel was chosen as the 
base element because it is the most practical 
high-melting-point element for service at this 
temperature. In addition to chromium to confer 
oxidation resistance, it was further decided that 
an improved alloy would result if the solid solu- 
tion were to be hardened by the addition of an 
element with a large atom, such as tungsten, to 
the limit of solid solubility. Properties of the 
nickel base were enhanced by adding some 
cobalt, but not enough to exceed the solid solu- 
bility limit. Precipitation hardening by disper- 
sion of small particles of a second phase was 
accomplished by adding titanium and alumin- 
ium. Finally, additions of small, but critical, 
percentages of boron, zirconium, and carbon 
were made to improve the alloy, whose nominal 
composition is 12% Cr, 10% Co, 8% W,4% Al, 
4°, Ti, 0-1% C, 005% B, and 0-05°% Zr, the 
balance being Ni. The alloy was developed as a 
casting material, no heat treatment being re- 
quired. It is reported that this alloy has passed 
specific requirements for blading material and 
is now in production. Another alloy was 
evolved from a statistically designed study of 
twenty-seven compositions, involving variation 
of three levels of three elements each. At 
1800°F, the alloy selected from these experiments 
gave an average stress-rupture life of 525 hr at 
15,000 psi. The preferred composition range is 
0-08°% C, 0-10°, Mn (max.), 0-15°% Si, 0-015% S 
(max.), 14-0 to 16:0°% Cr, 3-35 to 3-65°% Ti, 0-07 
to 0-:09°% B, 4-4 to 48% Al, 4:5 to 60% Mo, 
4-0 to 6-0% Fe, and 0-10°,Cu (max.), the balance 
being Ni. Blades are produced from this alloy 
by vacuum induction melting. 


@ NON-ELECTRIC GOLD PLATING 


It is reported that very considerable savings 
can be achieved by using a new non-electric gold- 
plating process, already in use by manufacturers 
of electronic components. In the new process, 
which requires no electric current or special 
equipment, the objects to be coated are merely 
immersed in a bath in »hich they acquire a 
denser and more permanent 24-carat gold coat- 
ing than can be achieved by electroplating. The 
principle of the process is based on ionic dis- 
placement, the chemically-attacked base metal 
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Metalworking Production 


F., years, batch production has been the traditional 
method of producing pressure die castings. 

Line production, the “experts” told us, was out ot 
the question. Our development engineers 

thought differently and our directors gave them full 
support The degree of success our new 

“die-line” foundry has achieved can be summarised 
best by a few more quotations from leading 
technical, industrial and financial publications. 

“Ten day production cycle reduced to 24 hours . . 

50°, more castings from the same floor area... . produc- 
tion from raw materials to finished component under 
constant supervision . . . . wasteful handling 

practically eliminated.” This new development, which 
we feel will go a long way towards offsetting 
increasing production costs by greater efficiency in 
operation, helps us reduce your production costs. 


Your enquiries would be welcomed. 


THE WOLVERHAMPTON DIE 


CASTING COMPANY LIMITED 





Graiseley Hill Works, 
Wolverhampton. 


Telephone: 23831 /6. 


A50 THE ENGINEERS’ DIGEST 














99 


EST 








i I 





rejecting atoms into the bath and acquiring 
atoms of gold from the bath in return. It is 
stated that gold coatings up to 10 millionths 
of an inch thick can be produced in this way on 
most metals. The process is claimed to possess 
several important advantages. For instance, 
the coatings are thinner, but denser, than 
electrodeposited coatings, yet have the same 
properties and require 35% less gold. Further- 
more, no electrical shielding is required and there 
are no low- or high-density areas, while all parts 
of the surface of the part to be coated, even 
blind recesses and the inside of tubes, receive a 
uniform coating. As the gold is atomically 
bonded to the base metal, the bond obtained is 
much stronger than that obtained with electro- 
plating; also, because no build-up of free car- 
bonate or cyanide occurs, analytical control of 
the bath is not required. Other advantages are 
that, since all the gold contained in the bath is 
used up, spent solution can be thrown away, 
and that discontinuous surfaces can be plated, 
owing to the absence of electrical connections. 
Theoretically, all metals below gold in the 
electromotive series should be replaceable by a 
gold deposit, and the process is claimed to have 
been successfully employed for the gold-coating 
of copper, copper-base alloys, and such diverse 
materials as cadmium, zinc, nickel, iron, Monel 
metal, Woods metal, nickel-silver, cobalt, and 
bismuth alloys. The thickness of the coating 
produced depends on the time, type of metal, 
and bath temperature. 


@ LIQUID-COOLED BRAKES FOR MOTOR LORRIES 


A recent paper stresses the fact that the 
problem of heat removal continues to be an out- 
standing problem with motor-lorry brakes, 
despite the progress made in materials with 
high-temperature resistance and the higher heat- 
dissipation characteristics of some of the newer 
drum-type brakes. Many methods have been 
considered for improving the heat-dissipating 
qualities of brakes, but the method which 
appears to be most effective is liquid cooling. 
The principle of removing heat by a liquid is not, 
of course, new but, as far as brakes are con- 
cerned, it has been thought of as impractical 
from the aspect of production, because of com- 
plexity and cost. To be successful, the liquid- 
cooled brake must dissipate heat under the 
severest conditions, must be adaptable to all 
wheel sizes, and must be lighter than a conven- 
tional air brake with accessories. A recently 
developed liquid-cooled disc brake is said to 
meet the requirements of heat rejection, to retard 
indefinitely without overheating, and to be cap- 
able of being subjected to one stop after another 
without fade. In this design, a cast aluminium 
caliper consists of an outer housing and an inner 
housing, the annular actuating piston also being 
JANUARY, 


1959 Volume 20, ‘No. | 


of aluminium and sealed by O-ring piston seals. 
The lining disc is of steel and has the lining 
bonded to both faces. The inner periphery is 
slotted to mate with the teeth on the driver, the 
ends of the teeth being tapered to help pilot the 
lining disc and driver together. A lining-disc 
anti-rattle ring prevents rattling between the 
lining disc and the driver. Copper friction plates 
are riveted to the outer housing and the copper 
carrier, and are sealed by means of O-rings. To 
compensate for lining wear, the brake has an 
automatic adjuster which maintains a constant 
clearance between the copper wear surface and 
the lining by means of a brake return-spring 
retained within an automatic adjusting sleeve. 
which is pressed into the copper carrier. The 
liquid can enter on either side of the brake, 
depending on axle mounting, and flows through 
coolant passages to the back of the copper fric- 
tion plates. 


@ IMPROVED METHOD OF PRODUCING 
REACTIONS BY GLOW DISCHARGES 
Various processes and designs of equipment 
exist, in which a glow discharge is produced in a 
suitable receptacle between electrodes. When a 
voltage is applied to the electrodes, the resulting 
glow discharge acts ona current of gas, producing 
reactions therein. However, in designs in which 
the electrical field acts through layers of insula- 
tion and the pressure in the reaction vessel is 
chosen as required, the glow discharge, which is 
mainly produced on the surfaces of the insulating 
layers, cannot be increased beyond relatively low 
values. On the other hand, in other designs, 
where the electrodes lie freely opposite one 
another, any desired increase in the energy of the 
glow discharge can only be effected with an in- 
crease in pressure in the discharge receptacle. 
Although the power can therefore be increased 
greatly with an increase in pressure, the whole 
power consumption is taken up only in the 
immediate surroundings of metal surfaces to 
accelerate the gas ions towards the negative 
surface. When the reactions are carried out in 
connection with gaseous, vaporous, or finely 
dispersed substances, the presence of such 
surfaces participating in the process is often 
undesirable. In existing systems, high-power 
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MULTIPLE SPEED 
GEARBOXES 

with co-axial shafts, 
capacities 5, 15, 3 

H.P. overall ratios 
from I-I up to 7-1. 
Two, three or four 
speeds. Motorised 
or non-motorised. 





VARATIO POSI- 
TIVE VARIABLE 
SPEED GEARS 

for speed changing 
under power. Capa- 
cities up to 45 H.P. 
Overall ratios, stan- 
dard 2-1, 3-1, 4-1, in 
7, 9, 13 speeds res- 
pectively. Spur gear, 
co-axial drives. 















“STRATELINE”’ 
SPEED-REDUCER 
Horizontal foot- 
mounted, universal 
flange - mounted. 
Single, double or 
triple stage. Motor- 
ised or non-motor- 
ised. Co-axial shafts. 
Ratios up to 
10,000 to |. Output 
TORQUE up to 
64,000 Ib. in. 





VALVE AND 
WINCH OPERAT- 
ING GEAR 
Co-axial shafts 
Flange-mounting. 
Developed tor indi- 
vidual applications. 
Hand or power 
operation. 


above are typical examples from our 
range of variable speed gear 
units and speed reducers. 
Special units developed to 
customers’ requirements. 


Write for further details. 


VARATIO-STRATELINE GEARS L" 





277-279 Aberdeen Ave., Trading Estate, Slough, Bucks. 
Telephone : Slough 20271 2. Telegrams : Varatio, Slough. 
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BUT FOR 
KEY APPLICATION 
TO MACHINES 





HEADED, PLAIN AND 
WOODRUFF KEYS 


Also manufacturers of 


SOLID AND SPLIT 
TAPER PINS 


Mate Beit 
Sure Lag Wilt 





FREDERICK MOUNTFORD (Bham) LTD. 


FREMO WORKS: MOSELEY ST.- BIRMINGHAM, 5 
Telephone : MIDland 7984 PBX. 
Telegrams : FREMO, BIRMINGHAM 
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glow discharges do not take place in the free 
space between the electrodes, and it is the 
specific object of an improved process to pro- 
duce such a glow discharge. Basically, the pro- 
cess provides for carrying out reactions on 
gaseous, vaporous, or finely dispersed sub- 
stances by the action of a glow discharge pro- 
duced by an electrical field in a reaction vessel 
fitted with electrodes, at least one gas outlet, 
and at least one gas-supply device. The sub- 
stances to be treated are taken through a zone 
in which they remain for a predetermined period, 
the gas being taken from the reaction receptacle 
and, at the same time, a stream of gas introduced 
through the nozzle of the gas-supply device. 
The gas emerges in the form of a jet at the nozzle 
outlet at a speed of at least 10°, that of sound, 
producing a non-homogeneous pressure dis- 
tribution in the receptacle and a zone of increased 
pressure immediately adjacent to the nozzle and 
at least partly between the electrodes. In this 
way, an energy transformation amounting to 
at least | W/mm* of volume element can be 
obtained. 


@ IMPROVED PLASMA FLAME TORCH 


In the Blue Pages for July 1957, attention 
was drawn to the extremely high temperatures 
which can be produced in plasma jets generated 
by high-power constricted arcs. It is now an- 
nounced that a torch has been developed and is, 
in fact, commercially available, which makes 
possible the continuous production of temper- 
atures of at least 20,000°F. This new plasma jet 
torch is a completely internally cooled device 
which does not require the use of noble gases 
such as argon or helium, as was hitherto neces- 
sary, and, unlike earlier experimental types, is 
capable of continuous operation without requir- 
ing frequent electrode replacement. The new 
torch is specifically designed for the use of dia- 
tomic gases such as hydrogen or nitrogen, though 
noble gases may be used, where required, for 
special purposes, while special attachments 
permit the use of air for reasonably long periods. 
Operating on the principle of the constricted 
arc, an electric arc is established between one 
electrode and another electrode containing a 
narrow passage, through which are passed the 
arc and the high-temperature plasma-forming 
gas. The major feature of the design of the 
torch is the spacing of the arc away from the 
walls of the electrode passage. The electrode and 
nozzle are automatically positioned, and no 
further movement of either component is re- 
quired during starting or running. The torch, 
which is started remotely, can be operated even 
under liquids, and can either be mounted per- 
manently or be held in the hand. Power con- 
sumption naturally varies with the plasma 
temperature to be produced. For instance, with 
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a power input of 62 kW and the use of hydrogen, 
a temperature of 16,000°F is produced, while 
a temperature of 36,600°F has been obtained in 
intermittent operation using helium and a power 
input of 50 kW. It is claimed that, by using a 
transferred arc attachment, much longer arcs 
and lower gas flows can be sustained, resulting 
in extremely high d.c. power-conversion effi- 
ciencies and yielding temperatures in excess of 
60,000°F. 


@ IMPROVED MAGNETIC REFRIGERATOR 


Recent development work on a magnetic 
refrigerator is claimed to have produced import- 
ant advances in ultra-low-temperature refriger- 
ation practice. The refrigerator employs alter- 
nate magnetization and de-magnetization of a 
paramagnetic salt, analogous with the alternate 
compression and expansion of the fluid in a 
conventional refrigerator. Pure lead strips 
centered in solenoids can be switched magnetic- 
ally from the thermally conducting to the non- 
conducting state, and temperature fluctuations 
in the refrigerated area are finally reduced by a 
thermal buffer or reservoir cell with a para- 
magnetic salt of high heat capacity, enabling the 
temperature to be maintained at 0-25°K con- 
tinuously. The cell is packed with carefully 
selected alum. Large alum crystals are ground 
in an ice-cooled mortar and pestle, and the 
alum is tamped hard into the cell to ensure 
maximum density of salt and hence maximum 
refrigeration for a given volume. Enough 
toluene or silicone oil is added to provide ther- 
mal contact between the powdered salt and the 
thermal conducting core. This cure consists of a 
series of copper fins which ar 2y~plated for 
corrosion protection, but at : ne time de- 
signed to minimize eddy-curn.> ixating. The 
cell case is a thin tube of nickel-siiver, the inside 
of which is protected against corrosion by a 
carefully prepared: coating of thermosetting 
plastic. The end pieces of the cell are of nickel- 
silver, similarly plastic-coated, and designed so 
that the final solder-joint sealing the assembly 
can be made with the body of the cell submerged 
in ice-water to prevent dehydration of the salt. 
The ability of the plant to reach low ultimate 
temperatures is closely connected with the ther- 
mal conduction and the salt-metal contact 
within the reservoir cell. The newly developed 
reservoir cells consist of completely sealed 
nickel-silver cans, similar to those of the working 
celis, ensuring stability of the salt; a thermal 
contact medium can then be added. 





For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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CONTINUOUS CONTOUR CONTROL SYSTEMS 


THE essential problems of this type of control have 
already been discussed in the introduction. There are 
considerably fewer systems for continuous contour con- 
trol than for positional control, and it is convenient to 
classify continuous contour control systems under two 
headings, which correspond to the two different ap- 
proaches previously suggested, i.e., that the required path 
(whether its equation be known or not) may be produced 
by interpolation of a number of straight-line or parabolic 
chords or by generating the curve itself to some suitable 
degree of refinement. 

Although it is mainly the path problem which differ 
entiates continuous contour control from positional con- 
trol, there is also one important addition to the control 
section, this being a determinable and controllable time 
element. When the moving member of a positional con- 
trol system is actually in transit from one point to another, 
no machining is being done, and hence there is little need 
to restrict the speed of movement, except insofar as very 
high speeds tend to reduce accuracy. Indeed, from the 
viewpoint that one operational advantage of positional 
control is its speed of positioning, there is an incentive to 
make this speed as high as possible, consistent with the 
required accuracy. In a continuous contour control sys- 
tem, however, the speed of the moving member is the feed 
tate, which is dictated by the material cut and the local 
geometry of the profile being produced at a given instant. 

Displacement information is available from the com- 
puter (required displacement) and from the transducer 
(actual displacement), but evidently, if velocity is impor- 
tant, a time element must be introduced and this must not 
only be variable but measurable. Thus, many systems 
employ a velocity feedback signal from a tachometer 
geared to the leadscrew, and this signal does not need to 
be very accurate, since the tolerance on velocity is quite 
large. 

Some points which should be considered in selecting 
a system for continuous contour control are as follows : 

(1) Accuracy requirements in conjunction with the 
type of programming and computing. It is virtually im- 
possible to separate these requirements, since the eco- 
nomic and/or time-consuming aspects of accuracy, 
from a control point of view, mean little until a method 
of programming and computing is specified. This in- 
volves a consideration of the extent to which mechani- 
cal assistance in computing is required. It should not 
be tacitly assumed that, because a computer is very 
expensive then, ipso facto, it must save even more than 
its cost. There appears to be some lack of appreciation 
among executive engineers that a computer is no excep- 
tion to the rules governing consideration of any item of 
equipment, the only difference being that, with a com- 
puter, the engineer may have to rely more on the tech- 
nical opinions of others. 

(2) Ease of modification. An important factor in the 
production of a small number of parts, for which con- 
tinuous contour control is well suited, is the ease with 
which modifications can be made. In this connection, 
it is apparent that, of the permanent storage media, 
slight modifications may be made most easily when the 
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storage medium is punched cards, since the cards bear- 
ing the information to be modified need only be with- 
drawn and replaced by new cards. Slightly more 
trouble is experienced with punched tape, inasmuch as 
the section to be withdrawn is cut from the tape and a 
new length of tape spliced in its place by means of 
Scotch tape. A very small modification, such as one 
block of co-ordinate information, can be made by stick- 
ing this tape onto the punched tape and repunching the 
holes to accord with the modified information ; for 
this purpose a small hand punch may be used. Magne- 
tic tape presents more trouble, though it has many 
advantages as a storage medium. 

In the previous section, a positional control system 
was described (page 399) which had no feedback in the 
normal sense. There have been some comparable con- 
tinuous contour control systems, but these must evidently 
be of a rather simple nature, compared with the more 
complex systems using digital computers and displace- 
ment and velocity feedback loops. The Automation 
Corporation of America developed one such system 
using 35-mm film as the storage medium. The drive for 
each axis was obtained from the output of a differential 
gear ; the two inputs were from synchronous motors, 
one being driven at a constant speed from a reference 
signal recorded on the film, and the other at a speed 
dependent on the required feed rate by a signal from the 
second channel on the film. The output from the differ- 
ential was thus proportional to the difference of these 
two speeds and could be controlled by the pulse signals 
on the film. 

The only other system which will be mentioned here 
is a rather unusual effort by H. W. Mergler, who deve- 
loped and who, largely single-handed, built a system of 
control as the work for his doctorate thesis at the Case 
Institute of Technology, in Cleveland, Ohio. Apart from 
a detailed account of the development of the system [7], 
it has been described briefly elsewhere [8]. 

It would not be appropriate to close these introduc- 
tory remarks without referring to the achievements of 
the Servomechanism Laboratory of the Massachusetts 
Institute of Technology in producing the first continuous 
contour control system. This system was admittedly 
rather elementary, compared with many recent develop- 
ments, but it achieved admirably the limited goal which 
the M.I.T. engineers set themselves and confounded those 
sceptics who believed that numerical control was im- 
practicable. Since then, M.I.T. has continued to pioneer 
several aspects of numerical control, particularly in the 
field of programming. 

The various continuous contour control systems are 
described in the following pages and for convenience have 
been divided into linear interpolation systems, parabolic 
interpolation systems, and curve-generating systems. A 
summary of all these systems is given in Table V. 





[7] H. W. MerGier: ‘A Numerical Machine-Tool Control 
System operated from Coded Punched-Paper Tape’’ ; Ph.D. Thesis, 
Case Institute of Technology, Cleveland, Ohio, 1956. 

[8] H. W. MerGier: “ A Numerical Punched-Tape Machine- 
Control System” ; Control Engineering, September 1955, page 132. 
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TaBLe V : SUMMARY OF CONTINUOUS CONTOUR CONTROL SYSTEMS 
See Fig. 5 
Input . Transfer Director or | : ane earn | 
System Ne Computation Medium Curve Geiecator | Servos Transducers 
Bendix Aviation PT Bendix G-15D g.p. PT Linear interpolator Rotary hydraulic 2-phrase synchros on. DIME 
computer (digital) motors leadscrew MA 
— =e ( 

North American PC or Any g.p. computer PT Linear interpolator Hydraulic ram Diffraction gratings 

Aviation (*“* Numill ”) PT (digital) 

North American PC or IBM 704 g.p. PT Linear interpolator Hydraulic ram Diffraction gratings 

Aviation (*“* Numill *’) MT computer (digital) 

Giddings & Lewis PT IBM 650 g.p. MT Linear interpolator D.C. motors 3-phrase synchros on 

(“ Numericord *’) computer (digital) rack and pinion 

Wang Laboratories PT Hand calculation as Linear interpolator Hydraulic motors Resolver on 

(* Weditrol "’) (digital) leadscrew 

Wang Laboratories PT g.p. computer PT Linear interpolator Hydraulic motors Resolver on 

(** Weditrol *’) (digital) leadscrew 

ENIMS Type-6M42P PT Hand calculation — Linear interpolator Hydraulic motors Differential . 
(digital) transformers 
ENIMS Type-6M42P PT g.p. computer PT Linear interpolator Hydraulic motors Differential 
(digital) transformers 
E.M.1. Electronics -- Hand calculation PT Parabolic interpol- | Any type Inductor % 
ator (analogue) potentiometer 
Cincinnati-E.M.1. PC g.p. computer Pe Parabolic interpol- | Hydraulic motors As for E.M.lI., and a 
ator (analogue) | extended range | 
General Electric PC or IBM 700 series g.p. MT Parabolic interpol- | Usually amplidynes | Synchros on mill 

(USA) M computer ator (digital) | leadscrew | h 

> ee oo | —_——|————— — — snee 
Electronic Control PT* * MT/PT* | s.p. digital computer | A.C. motors 2-phase resolvers | 

Systems (* Digi- | on leadscrew ‘ 

matic *’) | tion 
SS ee _ | a a o F 

Ferranti PT -— — s.p. digital computer | Hydraulic or 400-cps | Diffraction 

| induction motors gratings ac 
Farrand Controls PT - — Analogue interpol- | Variable-speed | Inductosyn | Fle: 
ator plus g.p. motors | | pun 
computer | | con 
ENIMS Type-6N13PR PT - — S.p. computer | Stepping motors | Stepping motors the! 
sccbapiaaieiiad en ee ee mo 
* If fed to a g.p. computer. The transfer medium is magnetic tape converted to punched tape. | nec 
MT = magnetic tape. PC = punched cards. PT = punched tape. | she 
g.p. = general-purpose. S.p. = special-purpose. tio! 
re ES a : ee fo 
. , P : ‘ a : sec 
Linear Interpolation Systems numerical control is their very active interest in_ the coi 
1) The Bendix S mechanical problems of designing the associated machine ant 

(1) The Bendix System tool. For example, the first Kearney & Trecker contour- 

The Bendix Aviation Corporation system of control milling machine was built to a mechanical specification The 
was developed by Bendix Research Laboratories mainly of the Bendix Research Laboratories, and since then 
as a result of a problem arising in their own company, in twenty-two such machines have been constructed. Also, the 
which a three-dimensional cam had a contour based on in a paper on the Bendix control system [9], the incor- is 
empirical data and, as experiments proceeded, the data poration of a discussion on machine-tool problems into col 
changed and, with it, the required contour. The time the account of an electronic control system may be con- } me 
taken to produce each new master-cam was several hun- sidered unique. ou 
dred hours, and numerical control was an evident solu- Bendix divides the system into two sections, on the | yy 
tion, although at that time experience of such a form of basis of what is done in the workshop and what is done | ple 
control was negligible. in the tool engineering department ; nevertheless, the @ she 

Since 1954, when the cam machine was put into opera- process consists of three fairly well-defined physical | 
tion, the Bendix system has been applied to Kearney & Stages, i.e., data processing, computation of interpolated § jj, 
Trecker vertical and profile milling machines, Keller die- co-ordinates (and their relation to time), and the actual tio 
sinking machines, a turbine-blade milling machine (based control of the machine tool. The flow of information is * be 
on the * Ex-Cell-O ” thread-grindirg machine), and a shown in the block diagram in Fig. 51. an 
Heald *‘ Borematic”™’ contouring machine. At the ; i - 
moment, a new numerically controlled cam-milling Data Processing :— 
machine is being developed in conjunction with the Ex- The contour required must be specified by means of ¢ 
Cell-O Corporation. the rectangular co-ordinates of sufficient points. When ; 

The original cam machine has now been used for these have been obtained from a conventional drawing | 
approximately 15,000 machining hours by ordinary (or by other means) a process sheet is prepared. Figs. | 
workshop operators, who, contrary to expectations, 52a and 52b show a typical D-shaped component re- § 
rapidly became accustomed to the machine. Indeed, quiring profile-milling around the *“*D” and pocket- | 
introduction caused little, if any, additional problems — “ ; 
than any other new type of machine. [9] M. KANes: “ The Bendix Tape Control System”; Paper | Fi 


An interesting feature of the Bendix attitude to 





presented at the Electronic Industries Association Symposium on 
Numerical Control, Los Angeles, September, 1957. 
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CONTROL 
a Fig. 51. Block“diagram of the Bendix liaear interpolation system. FREQUENCY FEEO-RATE| | gee 
— | SCALER CONTROL 
, 
OS On | 
__ |] Puiccitnime | sreewnitem |-=4°" Senpix }e),74PE, | = TEMPORARY] ACTIVE | COMMAND ST rvteten 
ings 
ings Sa 
a woNtten 
FEEOBACK 
= GUANTIZER 
dl TABLE GEARBOX ag ce ANALOGUE, | Jee cistER SYNCHRONIZER 
e 
| milling inside the **D”. Fig. 53 is the Bendix process (a) The profile milling, or ** 00°, code, which is used 
—| sheet for this component. for data describing a straight or circular section of an 
ce In order to supply the computer with this informa- external profile. The computer, on receipt of the ‘ 00” 
tion, an automatic typewriter—in this system a Friden signal, calculates the path of the cutter centre and an 
a “ Flexowriter "—is used. A_ typist merely makes appropriate intersection with the path of the following 
a copy of the process sheet on the y 
—| Flexowriter, which simultaneously i 
punches the process tape on the 7 7 
_| | control-tape punch. This tape is / MACHINED SURFACE 
| then verified by inserting it into a 
—| motorized process tape reader con- (e) 
| } nected to the Flexowriter. The process 
sheet is re-typed and, if the informa- 
| tion coincides with that being read 
= simultaneously from the first tape, the 
| second tape is punched. If it does not 
| the coincide, the punch will not operate, 
*hine and the error has to be located. 
four- 
ation The Computer Section :— 
wa The process tape is next fed into , 
wre the computer (a Bendix G-15D), which — set-up POINT _¢” maa {-. > 
: is a medium-speed general-purpose at * 
imo computer, but is specially program- FF 
con- Fined. All computations are carried 
| out in binary form and the results are 
| the | punched into a special, high-strength 
. ' plastic tape having seven channels, as 
Pe | shown in Fig. 54. P P PLUNGE INTO POCKET 
: The computer performs its calcula- AT 1/4 FEED RATE 
ated § tions on the basis of coded instruc- (b) / 
“tual tions and, as several of these have a 
ms y bearing on both programming time 
_ and skill, they are discussed in a little 
} more detail, as follows :— MOTION IN 
CLEARANCE PLANE WITHDRAW TO 
is of § (*)- Mod a : CLEARANCE PLANE 
Then zt Sees 
wing J. Fl eT, 
Figs. | P 
| re- & ' 
*ket- 
>. - co > sos . be : 
won | Siee'ted( ialde ectermtng apes : 


(Courtesy of Bendix Aviation Corporation) 
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BENDIX ‘‘ COMPAC - 


CLEARANCE 


DATE 
PLANE 


TOLERANCE 
20 
IN 


7) 0000 |000,7500 001.2500 


~ 


END POINT OF SECTION 
INITIAL 
CLEARANCE 


CIRCLE 
RADIUS 


ARC LENGTH 


000.0000 
(3) |o11.0000 
(4)| 011.0000 

003.0000 
(6) 0000 


003.0000 
003.0000 
004.5000 


7) ; 001.6000 
(@)|010.0000 5000 


(9) 1.6000 


7500 5000 


7500 


Fig. 53. Process sheet for the component shown in Fig. 52. 


section. Automatic deceleration at a corner is included. 

(b) The pocket-milling, or ** 01°’, code, which, apart 
from the advantages of the profile-milling code, causes 
the computer to produce a control tape that will com- 
pletely machine a pocket (such as that shown in Fig. 
52b) on the basis of information defining its boundaries, 
the number of roughing cuts, and the amount of material 
to be removed by the final cut. 

(c) The new feed-rate and tool-diameter, or *“* 40”, 
code, which indicates that a new feed rate or tool diameter 
is to be used in subsequent calculations. 

(d) The print-chord, or ** 48”, code, which causes the 
computer to type out during its computations the loca- 
tions of cutter centres at the ends of straight-line sections 
and at the ends of the chords generated in the approxi- 






1"’ PROCESS SHEET 


manr® E.1.A. PART 


TAPE NO 


9-6-57 
YC. HO 


SHEET 


FEED 
RATE 


TYPE OF POINT 


000.2500 |03 |04 |o/ 


(Courtesy of Bendix Aviation Corporation) 


** Compac-02 ” routine, has been developed for use in the 
G-15D computer. This routine is used when cutting 
curves which are not mathematically defined and, from 
the selected co-ordinates which are fed to the computer, 
the equation of the curve between each pair of points will 
be defined by the computer, which will then interpolate 
additional points to the required tolerance. 


The Machine Control Unit :— 
The four “active ’’ channels of the tape from the 





computer output contain the information for the dis- 
placements along the three machine axes and the feed 
rate, and are called distance commands and the feed-rate 


number respectively. | 


The control unit has two functions, i.e., (1) resolution 








mation of circular arcs. A special routine, known as the of the binary-coded distance commands into pulses, and 
TAPE DIRECTION 
| 
CHANNEL # DESCRIPTION | 
7 PARITY CHECK — ” > 00 oO > > Oo " ] 
6 END OF BLOCK} 9° o|° ; 
1 % = 7 00 > 0-00 0 0-90 | 00 0000 000 O Oo 6.89 | o { } 
oC ° | ° ° oO We ' 
ae 5 ee bee pn ee Pe en re Pe eM Oe eee Poe ees a 
3 z————40 0 Oo oo o| 090 fe) ° ° 9000 go 0 ( TO DRIVE TAPE ‘ 
4 FEED RATE © 0,0 90 f0 00 0yYo0 [00 909 0 ° a. So 6 oO} \ 
5 COMPUTER USE ONLY =] 0.0.0.000000060000000/0 0000/0 00000000000000000000000]0' 0} 
| _— 
NOT DETECTED BY ———— + ——— 2 es => 
THE MACHINE CONTROL | f 
UNIT. } | } 
>| ONE BLOCK po one stock —___—~+ = 


EVEN NUMBER OF HOLES: 
REQUIRES HOLE IN CHANNEL 
NO.7 FOR PARITY CHECK. 


HOLE REQUIRED IN CHANNE 
| NO.7 FOR PARITY CHECK. 





[ODD NUMBER OF HOLES: NO 


(| AUXILIARY FUNCTION 
BLOCK TO STOP THE MACHINE 





L 





Fig. 54. Special seven-channel plastic machine-control tape used with the Bendix linear interpolation system. 


(Courtesy of Bendix Aviation Corporation) 
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(2) conversion of these pulses into machine movements 
by means of the servo-system. The rate of pulse genera- 
tion is governed by the feed-rate number furnished by the 
tape. A pulse may represent different units of table move- 
ment, but the usual figure is 0-0002 in., so that, with a 
maximum pulse rate of 2500 pulses per second and a 
maximum pulse-multiplication factor of 8, the maximum 
feed rate is 00002 x 2500 x 8 x 60 = 240 ipm. 

Referring to the block diagram of the system in Fig. 
51, it will be noted that the coded information on the 
control tape is read by the photo-electric tape reader and 
held in temporary storage until such time as it is required 
for use in controlling table movements, after which it is 
passed into active storage. From active storage, the feed- 
rate information passes to the feed-rate scaler, which is 
also fed with a control signal of definite frequency. The 
combination of the feed-rate number and the control 
frequency determines the actual value of the small in- 
terval of time during which the relevant machine move- 
ment takes place. The linear magnitude of this move- 
ment is controlled by the command scaler, which, having 
been fed with the distance command information, counts 
the number of pulses for the distance required. In this 
way, both displacement and velocity are controlled. The 
pulse information is polarized to indicate direction of 
movement, and reversing switches are supplied to enable 
the polarity to be reversed easily. By reversing the pola- 
rity of the pulse information for only one of the axes, a 
left-hand part may be produced from the same tape as a 
right hand part. 





Fig. 55. The Bendix ** quantizer * position-sensing unit. 
(Courtesy of Bendix Aviation Corporation) 
The function of the pulse multiplier is to obviate the 
need for an unduly high master-clock rate when the table- 
feed rate is high, the master-clock 


back te the synchronizer, which is also supplied with the 
distance commands in the form of the pulses generated 
in the scaler. 

The synchronizer, as its name suggests, synchronizes 
these two pulses and feeds them to the error register, 
where the error is detected, still in pulse or digital form. 
This is converted to an analogue form (a voltage), ampli- 
fied, and used to control the electro-hydraulic motors 
which drive the table, the feedback from the quantizer 
completing the control loop. These drives consist of 
piston-type rotary hydraulic motors, one of which is 
illustrated in Fig. 56. These motors are controlled by 
servo-valves from a constant-pressure hydraulic supply, 
the valves being stroked by electrically operated torque 
motors. 

Between the pulse multiplier and the synchronizer the 
pulses can be counted by a reversible decimal counter, 
having a capacity of 999-9998 in., displaying directly on 
decatron tubes. The counter can be switched to any of 
the three axes and used for checking purposes or manual 
positioning. 

Built-in circuitry can test from 80 to 90°, of the logic 
in the control unit, but a more complete test may be made 
with test tapes which also check the tape reader and the 
servo-loop. Plug-in units with printed circuits are used 
to facilitate replacement. A further precaution against 
failures due to such effects as electronic valve ageing is 
the ‘* marginal ” test, which is performed by the operator 
or maintenance staff in about three minutes and enables 
possible failures to be anticipated and thus avoided. 

Fig. 57 shows a Kearney & Trecker 50-ton production 
milling machine with three numerically controlled axes. 
The Bendix machine-control unit is seen on the right of 
the illustration and provides a tape-controlled feed rate 
from zero up to 50 ipm. The feed rate can, however, be 
manually controlled in the range between 12-5 and 62:5 
ipm. 
Fig. 58 shows the Bendix system applied to a large 
three-axis contour-milling machine, also built by Kearney 
& Trecker. The longitudinal axis has a stroke of 172 in. 
and is driven through a rack and pinion by a dual-drive 
system, in which two motors (connected hydraulically to 
the same valve) work against one another through sepa- 
rate gearing to the rack ; in this way, backlash is reduced 
virtually to zero. The vertical and transverse axes, how- 
ever, have the usual ball-nut leadscrews with a preloaded 
double nut. 





being the time reference on which 
table speeds, etc. are based. There 
is also a manual feed-rate control 
which can override the rate deter- 
mined by the feed-rate scaler. 

The position-sensing unit is a 
rotary electromagnetic device called 
a “* quantizer *’ (Fig. 55), which is, 
in effect, a synchro with two-phase 
stator windings at 45 electrical 
degrees. The windings are formed 
by etching conductors on copper- 
clad plastic discs to give 250 poles. 
When the rotor is excited with a 
high-frequency voltage (1-6 Mcs), 
the voltages induced in the stator 
windings depend on their position 
relative to the rotor winding. The 
quantizer derives its information 
from the gearbox and_ feeds 
JANUARY, 
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Fig. 56. Piston-type rotary hydraulic motor used with the electro-hydraulic unit for driving the table 


in the Bendix linear interpolation system. wee ; 
(Courtesy of Bendix Aviation Corporation) 
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(2) The ‘“* Numill ’’ System 

Developed by the Autonetics Division of North 
American Aviation Inc., the ‘“ Numill” system dates 
from about 1952 and is digital in operation. As they were 
mainly concerned with the aircraft industry, North 
American Aviation applied their system in the first place 
to the Cincinnati ‘* Hydro-Tel ”’ milling machine. Fig. 
59 shows this particular application, with the control- 
unit console in the left foreground. 

It was decided initially that the system should involve 
only a general-purpose computer and, although the 
Hydro-Tel application uses an IBM 704 computer, the 
system can, in fact, be controlled by any general-purpose 
computer and is readily applicable to either positional or 
continuous contour control. 

The information on the engineering drawing is con- 
verted to a specification by co-ordinates ; this is then 
transposed into a form suitable for feeding into the com- 
puter, the form depending on the computer used. The 
IBM 704 computer accepts magnetic tape and, if the input 
is by punched cards, a punched-card to magnetic-tape 
converter must be used. Most other general-purpose 
computers will accept either punched cards or punched 
tape as the source of input information. 

The computer approximates contours by calculating 
a series of straight lines, each of which fits the true con- 
tour within the specified tolerance. The control tape as 
produced by the computer contains a series of commands, 
each of which states the number of incremental steps 
(0-0002 in.) to be taken by each controlled machine slide. 
To produce the computed line length, the machine control 
then interpolates these commands, converting the num- 
bers into an equivalent quantity of pulses, each 0-0002 in. 
in length. The computer is supplied with sub-routines, 
so that manipulations which are essentially mathematical 
are eliminated from the programming stage, including 
the calculation of cutter off-sets. 

The original Numill system used 7-channel magnetic 
tape exactly as produced by the IBM 704 computer. In 
order to conform with the standards of the Electronic In- 
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Fig. 57. Bendix linear interpolation system applied to a Kearney 
& Trecker production milling machine with three numerically con- 
trolled axes. 

(Courtesy of Bendix Aviation Corporation) 
dustries Association, the most recent Numill units use 
8-channel punched tape and, where the computer does 
not produce such tape, conversion to 8-channel tape must 
be made. The system is digital, and the final movement 
commands are in the form of pulses, each pulse corres- 
ponding to a definite displacement of 0:0002 in. The time 
element determining the feed rate is introduced by a pulse 
generator which gives frequencies up to 10,000 cps and 
which forms part of the machine control unit. 

Up to this point, only the command signals have been 
considered, the cycle of events being as shown in the block 
diagram in Fig. 60. In order to generate an error signal, 
the comparator must also have a feedback signal indica- 
ting the table position. This feedback signal is derived 
from an optical-grating system. A long grating, with 
lines at 0-0008 in. spacing, is attached to the moving ele- 








Bendix linear interpolation system applied to a three-axis Kearney & Trecker contour-milling machine. 


(Courtesy of Bendix Aviation Corporation) 
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Fig. 59. ** Numill *’ linear interpolation system applied to a Cincinnati 
** Hydro-Tel ” milling machine. 
(Courtesy of North American Aviation Inc.) 
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ment, while a shorter fixed grating is mounted parallel to 
it. A beam of light passes through the two gratings and is 
detected by a photo-transistor ; as the long grating moves 
relative to the fixed grating, the intensity of transmitted 
light will vary continuously from a maximum to a mini- 
mum, but successive maxima correspond to 0-0002 in. 
and not 0-0008 in., since the shorter grating uses Vernier 
principles to subdivide the spacing of the lines. In order 
to discriminate direction, a second light unit is located an 
odd number of quarter spacings away from the first, thus 
providing a sine-cosine output. Slight inaccuracies in the 
spacing of the lines are nullified to a large extent by de- 
tecting, and hence averaging, over a length of grating 
appreciably greater than the space between two lines. 
The optical scales and system are enclosed in a sealed 
unit. The difference between these two signals is the error 
signal but, before being used for control purposes, it is 
converted from digital to analogue form. In the applica- 
tion to the Hydro-Tel, the error signal operates an electro- 
hydraulic valve which admits fluid to the hydraulic 
cylinders. 

One unusual feature of the Numill system is the visual 
display panel, which has 12 windows in which any one of 
26 letters and/or 9 arabic numerals may be displayed to 
give instructions concerning operations which have to be 
performed manually. The words, or abbreviations there- 
of, are spelled out in the windows of the display panel, 
e.g., the material and size of the work blank, a change in 
tool diameter, etc. The setting of the display panel is 
controlled by commands from the control tape. In the 
top left-hand corner of Fig. 59 can be seen the original 
type of visual display panel ; on new models, this has 
been replaced by the 12-window model described above. 


(3) The ‘* Numericord ’’ System 


The Giddings & Lewis ‘* Numericord ” system pro- 
vides for machine tools having up to five axes of move- 
ment, but its optimum application is probably to the 
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Fig. 60. Block diagram of the ‘* Numill ” linear interpolation system. 
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Fig. 61. 





‘* Numericord ” linear interpolation system applied to a spar- 
and skin-milling machine. 
(Courtesy of Giddings & Lewis Machine Tool Co.) 





three-dimensional contour-milling machine. The system 
was originally applied to a spar- and skin-milling machine 
(Fig. 61) which produced complete jet-aircraft skin and 
wing panels from solid aluminium. The system was first 
demonstrated in public in 1955, and two years later the 
Lockheed Aircraft Corporation and the Martin Company 
took delivery of two machine tools numerically controlled 
by the Giddings & Lewis system. 

The Numericord system consists of (1) preparation 
of the machining data in numerical form and its conver- 
sion to punched-paper tape, (2) calculation of the cutter 
path, using straight-line interpolation to the required 
accuracy, this being effected by means of a general- 
purpose computer (IBM 650) to which an interpolation 
director is added, and (3) control of the machine tool. 


Data Preparation :— 


The programming engineer, on receipt of the conven- 
tional drawing, decides the machining parameters and 
whether any fixtures are required or not, and then dimen- 
sions a drawing in co-ordinate form. The system can dis- 
criminate sign, and the code convention for the system 
uses + and — signs to indicate directions for the incre- 
ments of displacement when machining at constant feed 
rate. At points where a deceleration or slow-down is to 
be programmed, the letters p and m are used instead of 
+ and —, and the computer section then selects the 
requisite slow-down from its store of sub-routines. 





Fig. 62. Computer section of the ‘‘ Numericord ° 

In programming, it must be borne in mind that the 
computer accepts blocks of information in set periods of 
4, 1, 2, 5, 10, 20, 50, 100, or 200 sec, and hence any given 
time interval must be expressed in terms of these units. 
For instance, suppose that the feed rate and co-ordinates 
dictate a time interval of 7-5 sec ; this would have to be 
made up from the three blocks of § + 2 + 5 sec. In this 
connection, it should be mentioned that the maximum 
feed rate is 120 ipm. 

The computer section has a store of sub-routines, and 
it is not necessary in the programming stage to compen- 
sate for cutter radius. Programming may be carried out 
with the aid of a desk calculator or a general-purpose 
computer, if available. In the latter case, it will normally 
be necessary to convert the output of the computer to 
paper-tape form. In the case of the desk calculator, the 
information is entered onto a planning sheet and is passed 
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* linear interpolation system. 
(Courtesy of Giddings & Lewis Machine Tool Co.) 









Fig. 63. Detail of Fig. 62, showing the ‘*‘ Numericord ’’ paper-tape 
reading mechanism and control panel with visual indicators. 

(Courtesy of Giddings & Lewis Machine Tool Co.) 
to a copy-typist who transposes the numerical informa- 
tion into punched-paper tape, using a preparation desk 
equipped with an electric typewriter and a tape-perforat- 
ing mechanism (Fig. 62), and electronic circuitry which 
checks the logic of the information before it is transposed 
into punched-hole form. 


The Computer Section :— 


This section comprises a general-purpose computer, 
a director, and a magnetic tape-recorder as a separate 
console. The input tape contains 
its information in block form, each 
block giving details of the incre- 
ments of displacement along each 
of the axes and the time for this 
incremental movement. The direc- 
tor reads this information block by 
block and stores it in magnetic- 
core memory units until later com- 
mands from the director release it 
either to secondary memory units 
or to the data co-ordinating circuits 
prior to final recording on the 
magnetic tape. 

Visual indicators on the direc- 
tor’s control panel provide one 
fine and five coarse data repeaters, 
which sum algebraically the dis- 
placement commands for each axis 
during the programme. A fine 
indicator can be connected into 
each of the coarse circuits by means 
of a push-button, thus permitting 
the operator of the director to check the positions of the 
tool centres at all times exactly as if he were controlling 
the machine itself. These indicators can be seen in the 
right background of Fig. 62 and in greater detail in 
Fig. 63. 

The director performs straight-line interpolation to 
the necessary accuracy and in any plane, i.e., it is not 
limited to the three co-ordinate planes. 

The magnetic tape has 14 channels. The first three 
channels and the last three channels are for functional 
commands, such as cutting-fluid application, clamping of 
the swivel slide, etc. Channel 7 has a 200-cps reference 
signal consisting of an alternating (positive and negative) 
sequence of areas of magnetic saturation. Channels 5, 6, 
8, 9, and 10 contain the information for controlling the 
five axis movements. The remaining two channels (4 and 
11) control the magnetic-tape transport mechanism which 
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drives the tape. The normal reading speed of the tape is 
15 ips, and the maximum machining time is 90 min per 
reel of tape. 

One feature of the director which is useful in certain 
circumstances is its ability to operate at normal speed, 
half-speed, or quarter-speed ; this means that a one-hour 
recording may be played back in one hour, half an hour, 
or a quarter of an hour. The importance of this facility 
occurs with a contour having a rapid change of slope. In 
these circumstances, the data are required at a speed too 
great for the reading head to cope with, and the variable- 
speed facility enables the machine tool to work unham- 
pered by the mechanical limitations of the reading head. 
The feed rate may also be altered from 25 to 150°, of the 
programmed value by means of a manual override on the 
director. The timing of the commands is governed by the 
frequency of a pulse generator, and this manual override 
merely alters the frequency of the generator. 


The Machine-Tool Control :— 


The position identifiers of the Numericord system are 
synchros, the rotors of which are driven by precision 
racks and pinions, so geared that the rotors make one 
revolution for each 0-1 in. of linear movement. The main 
power for the table (or head) movement is conveyed by a 
separate drive, so that only the very lightest of loads is 
taken by the synchro rack and pinion. By using a gear 
segment instead of a rack, angular displacements may be 
sensed. 
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Fig. 64. Block diagram of the ‘* Numericord ” linear interpolation 
system. 


The control system is shown diagrammatically in Fig. 
64 and is the only analogue part of the Numericord system, 
the remainder being entirely digital. The stators of the 
two synchros are energized by a common three-phase 
supply of 200-cps frequency. Consequently, when the 
(single-phase) rotors of the synchros make the same angle 
with some arbitrary selected datum, the voltages genera- 
ted in them will be in phase with each other. When the 
rotors are not at the same angle, the voltages will be out 
of phase, and the amount of phase difference is thus a 
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direct analogue of the error in position. However, it is 
necessary electronically to convert this phase difference 
into a corresponding voltage which can be amplified and 
applied to the main servo-motor. This motor then moves 
the table in such a direction as to reduce the error in 
position. 

The servo-motor, being error-actuated, does not begin 
to move the table until an error in position exists ; thus, 
there is an inherent error in the system, but this does not 
affect the accuracy of the workpiece, since the system will 
zero out within -+-0-0005 in. Workpiece accuracy is in- 
fluenced mainly by cutter deflection, work deflection, and 
distortion. All that is necessary is to set the starting posi- 
tion accurately for the first component ; subsequent 
components do not need to be positioned to a much 
better accuracy than 0-1 in. The operation of the Numeri- 
cord control unit is summarized in Fig. 65. 


(4) The ‘“* Weditrol ’’ System 


The ** Weditrol ’’ system of Wang Laboratories Inc. 
is an entirely binary system, an auxiliary translator being 
provided to make the initial conversion from the decimal 
form in which the physical dimensions are specified. 
Although Wang Laboratories do not stipulate a computer 
as an essential part of the system, the remarks made in 
the introductory section are evidently apposite in this 
connection. 

Assuming that, with or without a computer, the re- 
quired instructions are available on punched tape, these 
instructions are first read in a high-speed tape reader and 
then passed to a temporary store, whence they are re- 
leased, at discrete intervals, to the relay circuits and thus 
to the feed-rate pulse generator, whose function for each 
axis is to generate a number of pulses proportional to the 
required movement along that axis, 31 pulse rates being 
available. A second function of the feed-rate pulse gen- 
erator is to synchronize the component movements along 
the two (or three) axes and to provide any functional 
command signals, particularly the signal for an auto- 
matically programmed deceleration. 

The position-identifying device is a digitizing disc 
operating on the inductive principle, and thus there are 
no contacts to wear. Two printed-circuit discs are em- 
ployed, one disc being coupled to the leadscrew, while 
the other is placed adjacent to it and is stationary. A 
high-frequency voltage is fed to the leadscrew disc, and 
the signals picked up by the two concentric circuits of the 
stationary disc depend on the angular position of one disc 
relative to the other. By means of an appropriate circuit, 
an electrical pulse is generated for each 0:0002 in. of table 









AMPLIFIER 














































Fig. 65. Diagrammatic arrangement of 
the control unit in Fig. 64. 
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Fig. 66. Block diagram of the ‘* Weditrol *’ linear interpolation system. 


movement ; direction is discriminated by employing two 
feedback channels, one for pulses corresponding to a cer- 
tain direction of movement, and the other for pulses 
corresponding to the other direction. 

The pulses of the displacement or positional feedback 
are fed to the comparator, which also receives the pulses 
representing the command signal, one for positive pulses 
from the channel for forward movements of the table, 
and the other for negative pulses from the channel for 
reverse table movements. The output from the com- 
parator is the error signal, but in digital form, so that a 
digital-to-analogue converter is inserted between the 
comparator and the servo-system. It will be noted that 
there is also a velocity feedback, thus giving a control of 
feed-rate. The operating characteristics of the Weditrol 
system are summarized in the block diagram in Fig. 66. 


(5) The Russian ENIMS Type-6M42P System 


ENIMS is a large Soviet research organization ; in 
recent years, development work has been done on both 
positional and continuous contour control, and the 
Order of Lenin Factory for Machine-Tool Construction 
in Moscow has produced two types of continuous con- 
tour controlled milling machine, i.e., an interpolation 
system and a curve generating system (to be discussed 
later). 

At present, no computer is supplied as part of the 
interpolation system, although any digital computer 
could obviously be used to assist in the calculation of the 
requisite co-ordinates. There is, however, a director 
which interpolates at 0-1-mm intervals, the chords being 
linear. From the director, the X and Y pulses pass to the 
comparator, different frequencies being used for the two 
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Fig. 67. Block diagram of the ENIMS type-6M42P linear interpolation 
system. 
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axes. The feedback signal, as 
will be seen later, is also a 


TAPE [TEMPORARY 
EADER STORE 





pulse signal, and thus the 
comparator can be a simple 
counting device for addition 
and subtraction of pulses. The 
system is entirely binary, and 
the comparator in fact is a 








series of five flip-flops. The 
le error signal is naturally in 
GENERATOR digital form and has to be 











passed through a digital-to- 
analogue converter before be- 
ing applied to the servo-drive. 
This drive is hydraulic and is 
monitored by a needle valve 
whose position is controlled 
by a moving-coil regulator. 
The basic elements of the system are illustrated in the 
block diagram in Fig. 67. 

The transducer is rather unusual and is illustrated in 
Fig. 68. It consists of two elements, i.e., a set of E-shaped 
laminations carrying three windings, and a long narrow 
plate of transformer steel. Both the plate and the lamina- 
tions are serrated along the edges, as shown, the pitch of 
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Detail of the transducer used in the ENIMS type-6M42P 
linear interpolation system. 


Fig. 68. 


the serrations being 0-1 mm. The clearance between the 
two elements is not unduly critical. When one element 
moves longitudinally relative to the other, changes in 
magnetic flux occur, and the two outside windings (which 
are connected in series) have induced in them a voltage 
which varies in an approximately sinusoidal manner. 
The centre ** leg * winding is fed with a 20-kcs alternat- 
ing current. Another similar transducer is spaced at an 
odd number of quarter-wavelengths from the first, so that 
direction may be discriminated in the usual manner. In 
order to provide a digital signal, the sinusoidal waves are 
amplified, squared, and gated in the same way as that 
described in connection with the Brush positional control 
system. The transducer pulses are at about 0-025-mm 
intervals. 

The accuracy claimed for the system, including the 
milling machine itself, is of the order of 0-1 mm, i.e., 
about 0-004 in. It would appear that frequency multipli- 
cation could be used to overcome the disadvantage of 
rather high values of pulse interval, but, when discussing 
the system with Russian engineers, the author found that 
this had not been considered. 
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Parabolic Interpolation Systems 


(1) The E.M.1. System 


Of the continuous contour systems actually in opera- 
tion, this system, produced in England by E.M.I. Elec- 
tronics Ltd., is the only non-digital system. Apart from 
the use of punched tape, it is analogue throughout and 
does not require the use of a computer, although, as in 
digital systems, a computer can be used as an alternative 
to a desk calculator in the programming stage. In the 
interpolation stage, however, voltage subdivision is used 
instead of a computer. The accuracy of subdivision is of 
the order of 1 in 100,000, thus giving a resolution of 
0-001 in. with a travel of 100 in. 

The system will provide for control of up to seven 
axes, if required, irrespective of whether the drive is elec- 
tric or hydraulic. The standard models are referred to in 
terms of the number of axes (or dimensions) over which 
control is exerted and are known as the 2D, 23D, and 
3D models. The 2D or two-dimensional model will con- 
trol the table movements of an ordinary milling machine 
and will thus produce any plane contour. If continuous 
control over three axes is desired, the 3D model must be 
employed but, very frequently, a three-dimensional com- 
ponent is only a series of contours in the (x, y) plane, 
executed at several discrete values of the third variable z; 
thus, variation in the z direction is required, but not con- 
tinuous variation. The system which fulfils this require- 
ment is called the 2}D model. The system is absolute 
for both command and feedback signals, and hence, if 
the machining cycle is stopped for any reason, the moving 
member need only be repositioned very approximately, 
and the cycle of operations will be resumed as though no 
interruption had taken place. In the absence of a com- 
puter for interpolation purposes, there are really only 
two stages in the operation of the system, i.e., (1) the 
programming stage, including punched-tape prepara- 
tion, and (2) the stage of contour generation and control 
of machine movement. 


Programming and Preparing the Tape: — 


As with digital systems, the information of the 
conventional drawing must be converted to co-ordinate 
form, and this can be effected for the actual profile (in 





Fig. 69. Small moulding tool for a fan casing. 
(Courtesy of E.M.1. Electronics Ltd.) 
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which case the path of the cutter centre is derived within 
the control unit), or alternatively the path of the cutter 
centre may be calculated ab initio. It is, of course, im- 
portant that control tapes should be marked so as to 
indicate which of these systems has been adopted, since 
the control unit must be set accordingly. The datum or 
origin from which the measurements are made should 
be a reasonably well defined point, as it has to be located 
physically when the first component of a batch is set up. 
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Fig. 70. Co-ordinate drawing of the moulding tool shown in Fig. 69. 
(Courtesy of E.M.1. Electronics Ltd.) 

The programming stage must be performed with 
more care than is required with a digital system and 
involves more time, not only because of the increased 
care needed but also because the analogue nature of the 
system does not enable accelerations and decelerations 
to be automatically included in the interpolation. Con- 
sequently, velocity variations must be considered in the 
programming stage and effected by spacing the points 
which define the contour more closely (deceleration) or 
less closely (acceleration). The greater care required in 
programming is mainly to ensure that the contour is 
properly defined. Ill-chosen points could result in the 
generated curve being markedly different from the re- 
quired curve ; in particular, points of inflexion should 
always be selected as co-ordinate points. 

Fig. 69 shows a small moulding tool for a fan casing, 
while Fig. 70 shows the co-ordinate drawing and Fig. 71 
the programme sheet for one of the machining operations 
needed to produce this tool. The spacing between points 
is dictated by considerations of accuracy of the profile 
and the required feed rate. 

This information is now typed on a Creed teleprinter 
typewriter, which reproduces the information in two 
forms of intelligence, the first being in normal intelligence, 
i.e., numbers on a piece of paper, which can be used to 
check the accuracy of typing, while the second form of 
intelligence is punched-paper tape which is used as the 
input to the control unit. The punched tape has five 
channels, four of which are used for the numerical 
information in decimal-binary coded form. The fifth 
channel is used in conjunction with the others for func- 
tional commands, and all five channels are punched only 
when an error in typing has occurred and is noticed at the 
time by the typist, who then presses successively the keys 
marked “* back-space’’ and “error”, thereby back- 
spacing the tape to the erroneous line and punching holes 
in all five channels. When the tape is read, this particular 
line of information is then ignored. Mistakes which are 
not discovered until later can be rectified by sticking 
plastic tape over the erroneous line and punching the 
correct holes with a hand punch. This technique can 
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Fig. 71. Programme sheet for one of the mach- 
x y ining operations required to produce the tool 
shown in Fig. 69. 
(Courtesy of E.M.1. Electronics Ltd.) 
MINOR MAJOR MINOR MAJOR SECTION Cites Rinteeee nae. 
Centre of spiral :— 10000, 05000 
06764 07425 
06464 06364 07325 07225 APPROACH 
06364 06364 07175 07125 
06364 06364 06992 06859 Cc 
06366 06371 06839 06819 
06480 06597 06519 06225 
06721 06852 05936 05653 D 
7170 07525 05100 04570 
07914 08338 04070 03592 
o0s28 ogse0 03348 03161 fed to the interpolator, whose initial 
09473 10011 02995 02971 function, for a curve, is to interpolate 
co cca po so — intermediate points which would lie 
14747 11760 04545 05013 on the parabola passing through the 
11654 11440 05457 05847 E : : fog 
11140 10778 06160 06377 three given points. This is effected by 
10384 09985 06488 06492 ‘ : : 
= yn . 06385, means of a special centre-tapped 
09433 09337 06306 06244 transformer (Fig. 75). The voltage 
09247 0916! 06175 06096 analogues representing the appropriate 
09200 09242 06281 06460 dimensions of the specified data points 
pone pone = une . are fed to terminals A, B, and C. In 
" ain nee Fig. 75, half the circuit is shown, the 
—_ _ H portion between B and C being similar. 
09331 09278 07220 07300 ndary tappings have windi 
09198 09103 07354 07373 J The secondary eee ee nd ngs 
whose turns ratios vary parabolically, 
—_ — pod = ¥ giving a parabolic voltage variation 
07027 06612 07373 07373 from A to C.* Thus, a two-pole selector 
06517 06437 07354 07300 switch which straddles two adjacent 
06383 06364 07220 07125 ” contact points and moves sequentially 
06364 06364 06992 06859 c! round the switch will give increments 
of voltage which, if followed perfect 
06280 06030 06600 06400 8 . : ” y 
05700 05400 06200 06000 LEAD OUT by the table, would cause it to move 
parabolically in relation to time in the 





also be used for subsequent modifications which are 
not lengthy enough to justify removing a section of tape 
and replacing it by tape containing the modified 
information. 


The Control Unit :— 


The type of control unit depends on the complexity of 
the machine to be controlled, but relatively few ther- 
mionic valves are used, and these are all run well below 
their manufacturers’ ratings. Fig. 72 shows the interior 
of a control unit. This unit comprises the tape reader, 
information store, interpolator, power supplies, and 
servo-control units. 

The punched tape is passed through the tape reader, 
which is also a standard Creed teleprinter unit, and 
which converts the tape information into electrical sig- 
nals by means of pin contacts. These electrical signals 
are routed, via the axis selector switch to the store input 
selector switches. For the X and Y axes there are five 
relay stores but, for the Z axis, the number of relay stores 
depends on the model, i.e., on the number of axes con- 
trolled. For the 3D model, there are five relay stores, as 
for the X and Y axes but, since the 2D model does not 
provide for continuous control of the Z axis, only two 
relay stores are used in this model. Fig. 73 shows the 
block diagram of the 24D model. 

The five relay stores for the X and Y axes store the co- 
ordinates for five adjacent points, and the store output 
switch selects three of these (in sequence), of which either 
the first or second is the point with which the cutter 
coincides at that instant. Fig. 74 illustrates how points 
are taken up and discarded by the relay stores. 

The information for the three adjacent points is now 
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x (or y) direction. 

To improve accuracy further, however, the two poles 
of this selector switch lead to a precision-wound poten- 
tiometer which effects linear interpolation between the 








* It should be noted that this means that both x and y co-ordinates 
are divided parabolically with reference'to a third variable, i.e., time’. 
Thus, there are two parametric equations 

x a+ bt + ct? 
and y d+ et fe 
and evidently the real path followed between adjacent points Xn, Yn 
and xn+1, ¥n+1 Will not be parabolic. 





Fig. 72. 


Interior of an E.M.I. control unit. 
(Courtesy of E.M.1. Electronics Ltd.) 
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adjacent points on the parabola. Thus, the number of 
interpolated points is increased considerably ; normally, 
1600 points are interpolated in each “span ”’, i.e., the 
section of contour covered by three adjacent points. 
This interpolation is, of course, performed entirely by 
analogue means. 
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Fig. 74. Diagram illustrating how points are taken up and discarded by 
the relay stores in the E.M.1. parabolic interpolation system. 

If a straight line is required on the contour, the inter- 
polations are effected in the same manner but, of course, 
the interpolated points are now collinear or, put another 
way, they lie on a parabola whose radius of curvature is 
constant and infinite. 


o 





d —ec 


Fig. 75. Diagram of special centre-tapped transformer used in the 
E.M.I. System. 
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The interpolated voltages for the X and Y axes, to- 
gether with the voltage for the Z axis, are fed to an axis 
selector switch and thence to error detectors, which are, 
in effect, differential amplifiers. Each error detector also 
receives a feedback signal from the measuring unit and 
compares it with the command signal. The error signal 
is then amplified and fed to an electric or hydraulic 
motor, which drives the table. 

Normally, the measuring head or position identifier 
is an inductor potentiometer measuring the angular dis- 
placement of the leadscrew. It is customary to remove 
backlash almost completely, say, to about 0-001 in., and 
then to ignore it. If, however, further refinement is 
deemed to be necessary, the backlash may be determined 
experimentally and allowed for in the programming 
stage. Alternatively, an ‘* Inductosyn ’’ may be used to 
sense the table position directly. 


Fig. 76. The E.M.I. system applied to a Cincinnati “ Hydro-Tel ” 
milling machine. 

(Courtesy of E.M.1. Electronics Ltd.) 

The feed rate is determined broadly by the rate at 
which the selector switch moves over the tappings of the 
parabolically divided transformer, and facilities are 
provided for varying this speed. On a finer scale, how- 
ever, it will be evident that local variations in speed can 
be obtained in the programming stage by spacing the 
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points which define the contour at greater or lesser 
intervals than the average. 

A cutter-radius compensation unit can be provided to 
compensate for a radius variation up to 0-15 in. The 
value for which compensation is required is set up on a 
4-dial decade switch, which also contains a switch for 
determining the sense of the compensation, i.e., on 
which side of the contour the cutter has to be located. 

Among the machines to which the E.M.I. system has 
been applied are the Cincinnati No. 3 vertical and 16-in. 
** Hydro-Tel * milling machines, a Wadkin router, and 
the Kearney & Trecker No. 2CES milling machine. 
One interesting application is a cam-milling machine, 
made for Laurence, Scott and Electromotors Ltd., in 
which polar co-ordinates were used instead of the more 
usual rectangular co-ordinates. 


(2) The Cincinnati-E.M.1. System 


In essentials, the Cincinnati-E.M.I. system is the 
E.M.lI. system just described ; there are, however, certain 
differences, some resulting from Cincinnati’s own 
approach to numerical control and others from the 
particular application, i.e., a large skin-milling machine. 

In the Cincinnati system, the presence of a general- 
purpose computer is more definitely envisaged, because 
the particular application mentioned is part of a contract 
for the American aircraft industry, where, in most com- 
panies, a computer is available for other purposes. 
However, whether a desk-calculating machine or a com- 
puter is used, the input medium to the control unit is 
punched cards, the actual cards used being 90-column 
Remington-Rand business accountancy cards. 

There is a limiting rate at which information can be 
read from punched tape, and the amount of punched tape 
issued by a computer is quite considerable. This has led 
most companies to turn to magnetic tape as a transfer 
medium from computer to control unit, but the 
Cincinnati Company has chosen punched cards instead. 
Considerably more information can be read per unit time 
from punched cards than from punched tape, but addi- 
tional advantages are (1) the ease with which alterations 
may be made simply by replacing certain cards, (2) the 
fact that the numerical information contained in the card 
can be read by the operator with little difficulty, and 
(3) coloured cards may be used to convey special in- 
structions to the operator. 

The very long stroke of the skin-milling machine 
necessitates the extended-range analogue technique dis- 
cussed in the description of the E.M.I. positional control 
system. 


(3) The General Electric System 


The Specialty Control Department of the General 
Electric Company (U.S.A.) has also developed a con- 
tinuous contour system, which consists of three definite 
items, i.e., (1) equipment for transferring the pro- 
grammed information into punched-card or punched- 
tape form, (2) a computer and a director which effects the 
interpolation, and (3) a control unit. 

The programming information depends on the sub- 
routines with which the computer is provided and, in this 
respect, the GE system gives considerable freedom, so 
that the user’s personal needs can be made the governing 
factor. The function of the computer is to caiculate the 
cutter offsets, to develop approximations for curved 
contours to the required degree of accuracy, and to plan 
decelerations for sudden changes of direction. In the GE 
system, the computer is required to approximate the 
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required contour by a series of parabolic arcs, so adjusted 
as to give continuity of path and slope of path at points 
of intersection. A typical computer procedure for this 
operation is (1) to determine the path of the cutter centre 
exactly, (2) to determine the X and Y motions (with res- 
pect to time) necessary to produce this path, (3) to select 
two adjacent points and to describe parabolas for ¥ and 
Y (with respect to time), as mentioned in the description 
of the E.M.I. parabolic interpolation system, and (4) to 
inspect the resulting parabolic path to check it with the 
required path, and to adjust until tolerance is met. 

The usual computer for the GE system is one of the 
IBM 700 series ; if an IBM 704 computer is used, the 
output magnetic tape may be fed directly to the GE 
director. The director determines the distances to be 
travelled in each 0-01 sec and converts them into signals 
on a magnetic tape. Six directors are available, giving 
3-, 5-, and 7-axis control at recording speeds which are 
equal to the playback speed or 74 times greater. With 
this latter high-speed director, 10 to 15 machine tools can 
be controlled with one computer. 

The control unit utilizes the computed and inter- 
polated data to control movements along all axes 
simultaneously, this being effected by first reading the 
information encoded on the magnetic tape produced by 
the director. This information is, at any instant, the re- 
quired position of the table ; the actual position of the 
table is sensed by means of synchros connected through 
precision gearing to the leadscrew for each axis. The 
synchro stators are supplied with a 200-cps, three-phase 
reference voltage. The rotor produces a voltage of con- 
stant magnitude, whose phase, however, changes by 
1 deg. for each 0-001 in. of table movement. In this way 
the table position may be found and compared with the 
required position. Any error is then amplified and fed 
to a servo-motor, which is usually an amplidyne d.c. 
generator drive, though the same alternatives as for the 
GE positional control system are available. 

The use of synchros means that the maximum feed 
rate is not decided by the density with which information 
can be recorded on the tape. In the event of a break in 
the cycle for any reason, the resetting accuracy required 
is only about 0-05 in. The provision of a differential 
synchro allows the operator to move the tool from the 
position called for in the input and thus compensate for 
variation in cutter size. 

This GE system has been applied to several machine 
tools built by Kearney & Trecker, Morey, and Giddings 
& Lewis. 


Curve-Generating Systems 
(1) The ‘* Digimatic ’’ Tape Control System 


The ** Digimatic ” tape control system of the Elec- 
tronic Control Systems Division of Stromberg-Carlson 
Inc. is a curve-generating system for straight lines and 
circular arcs, the only information required by the com- 
puter being the co-ordinates for the beginning and end 
of the cut and, in the case of circular arcs, the co-ordinates 
of the centre of curvature. 

The physical division of the Digimatic system is in 
three parts, i.e., 

(1) A planning sheet is drawn up, and data are then 
prepared, in punched tape form, by a keyboard 
unit. 

(2) The data are fed to the director, a special-purpose 
digital computer, which prepares the path informa- 
tion on a magnetic tape. 
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(3) The magnetic tape is played back in a machine- 
tool control unit, which compares the table position 
with the information on the magnetic tape and, by 
means of feed motors, guides the table along the 
required path. 
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These three methods are shown diagrammatically in 
Fig. 78. Method A is used for parts whose profiles do 
not go outside the range covered by the Digimatic sys- 
tem, i.e., straight lines and circular arcs. It is claimed 
that from 80 to 90°, of all milling-machine work falls 
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Data Preparation :— 


Once the working drawing has been marked with the 
path to be taken by the cutter, the planning sheet may 
be prepared quite easily. The principal data required for 
each section of path are the co-ordinates of the end point, 
and for circular arcs the co-ordinates of the centre of 
curvature. Auxiliary data are the feed rate and spindle 
speed, the tool radius, the location of the tool cutter, i.e., 
to the right or left of the profile, and the direction of 
movement of the cutter. The only remaining informa- 
tion required is the slow-down distance, if any. Fig. 77 
shows a typical component and the corresponding 
cutter-path drawing. 

This information must now be transposed onto 8- 
channel punched-paper tape by means of a keyboard 
unit. There are three methods of performing this trans- 
position, and the use of a particular method is dictated 
by the complexity of the component and the availability 
of a general-purpose computer. 
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Fig. 77. Typical component and its corresponding cutter-path drawing 
; for use in the “ Digimatic ” curve-generating system. 
(Courtesy of Electronic Control Systems Div. of Stromberg-Carlson Inc.) 
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into this category, and, even if this is exaggerated, the 
proportion is undoubtedly high. For this type of com- 
ponent, the keyboard unit produces a punched tape 
which can be fed directly to the director. Where arith- 
metic calculation of the co-ordinates is tedious, a hand- 
operated desk calculator may be used. 

Contours other than straight lines or circles must be 
programmed more completely, i.e., such a contour must 
be divided into sufficient intervals, to permit interpola- 
tion by straight lines (or circles) to the required accuracy. 
This may be tedious and, if a general-purpose computer 
is available, it may be used instead (method C). 

Method B is intended for applications where cutter 
offsets have to be calculated frequently and incorporates 
an offset calculator. Again, the information fed to the 
director is on punched tape, but the time to produce the 
tape from the basic information is much reduced, because 
it is not necessary to calculate the alterations in co- 
ordinates to allow for the cutter diameters. 

If a general-purpose computer is available, method C 
may be used, as already stated, but this method is not 
really justifiable except for components which have an 
appreciable amount of intricate curve fitting, i.e., curves 
which are not covered by the system and which must be 
approximated by straight lines and circular arcs. The 
function of the general-purpose computer is to effect this 
approximation to the required accuracy. As already 
stated, general-purpose computers require the data input 
and output at fairly high speeds, and usually it is consi- 
dered necessary to use magnetic tape. In the Digimatic 
system, the output from the keyboard unit is fed to a con- 
verter which transposes the information into magnetic- 
tape form, this tape then being fed to the computer, as 
shown in Fig. 78. The output from the computer is also 
on magnetic tape, which is fed to a second converter for 
conversion into punched-tape form. This punched tape 
is the input for the director. 


The Director:— 


The director (Fig. 79) is a high-speed, special- 


purpose digital computer which carries out straight-line 
or circular-arc interpolation according to the instruc- 
tions from the data-preparation stage. 
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The input punched tape is accepted by the director 
until it has complete information for one cut; the tape 
reader is then automatically stopped while the director 
completes the interpolations and produces the section of 
magnetic tape for that cut. This magnetic tape is }-in. 
wide and contains eight channels. Six of the channels 
contain the information for movement along the three 
axes, whilst the seventh channel is for auxiliary func- 
tional commands such as cutting-fluid application, and 
the eighth channel contains information for referring the 
tape back to a reference point in case of an emergency 
stop. The reason that two channels are needed for each 
axis is that the pulses recorded on the tape are square 
waves of magnetic saturation, and thus the magnetic- 
tape reader, which is sensitive to a change in flux, will 
produce a pulse signal at the beginning of each square 
wave and one of opposite sign at the end of each square 
wave. As a result, no information as regards direction of 
movement can be conveyed by a single channel, and the 
system uses the first of a pair of channels for movements 
in one direction and the second for movements in the 
opposite direction. It is claimed that the use of this sys- 
tem enables a pulse to be identified much more easily 
against the background of random signals which are 
always found in electronic circuitry. Apart from the 
punched tape (which is decimal-binary in form), the 
whole system, including the special-purpose computer, is 
decimal in its mode of operation. 

One pulse from the magnetic-tape reader is a com- 
mand signal to move 0-001 in. in the direction associated 
with that particular channel and, since 225 pulses per 
inch of tape is the minimum specified 
rate, each inch of tape can move the 
table by any amount up to 225 
0-001 = 0-225 in. under ordinary 
conditions. However, with instrument- 
grade tape, 225 pulses per inch is 
nothing like the maximum pulse 
density. A prototype Digimatic con- 
trol unit was fitted to a small milling 
machine in 1956, the tape reading 
speed being 3-75 ips ; most recent 
applications, however, have had tape 
reading speeds of 7-5 ips, thus repre- 
senting a maximum machining feed of 
101-25 ipm. By increasing the command 


Fig. 80. ‘* Digimatic * curve-generating system 

applied to a Morey contour-milling machine. 

(Courtesy of Electronic Control Systems Division 
of Stromberg-Carlson Inc.) 
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Fig. 79. The director used in the “* Digimatic” 
system. 
(Courtesy of Electronic Control Systems Division 
of Stromberg-Carlson Inc.) 


signal to 0-010 inch per pulse, feed rates 
up to 999 ipm can be obtained without 
loss of accuracy. 


The Machine Control Unit :— 


The machine control unit contains al] 
controls for operating the machine 
tool. The magnetic tape is played 
back in this unit and provides the information needed to 
move the table. As mentioned previously, the pulses 
recorded on the tape are converted to proportional com- 
mand signals, which are amplified by magnetic amplifiers 
and fed to the feed motors for the three axes. 

As the table moves (under the action of the motors), 
measuring devices (or transducers) sense the position, 
and feed back electrical signals to the control unit. The 
difference between the command signal from the tape 
and the signal fed back from the transducer is the error 
signal, and the servo-system acts to keep this error signal 
at zero. The synchronism of the three component feed 
motions is automatically ensured by the synchronized 
pulse trains generated in the director. These are recorded 
on the magnetic tape and, although the playback speed 
may be altered somewhat to give a different feed rate, 
synchronism cannot be affected. 

Each axis of movement has a measuring device anda 
servo-motor, the power of which is 1 hp in the case of 
the Morey model A50 contour-milling machine illustra- 
ted in Fig. 80. The leadscrew is part of the measuring 
element and hence has a very high stiffness ; also, to 
eliminate backlash, the split nut assemblies have re- 
circulating balls and are mechanically preloaded. The 
position-identifying unit consists of two glass discs with 





etched electrical circuits in the form of hairpin windings. | 
The rotating disc has 500 poles in a single winding, whilst | 
the stator disc has two windings, similar to each other | 
but spaced a quarter wavelength (i.e., 90 electrical de- 
grees) apart. A voltage at a frequency of 1-6 Mcs is sup- 
plied to the rotor and induces voltages in the stator wind- 
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ings ; as the rotor rotates relative to the stator, varia- 
tions occur which are electr‘cally representative of the 
angle of rotation. 

A Morey model AS50 contour-milling machine fitted 
with the Digimatic system of control is illustrated in Fig. 
g0. With the leadscrew pitch (3 in.) on this machine, the 
basic frequency of 1-6 Mcs is modified by one complete 
cycle for each 0-001-in. movement of the table. An in- 
teresting feature of the servo-system is the provision of 
three feedback loops. The first loop is the conventional 
positional-error loop and forms the main loop. The 
second loop originates from a tachometer voltage repre- 
sentative of the table speed, and is thus velocity-depen- 
dent. The third loop is a system with integral control 
whose function is to reduce time lags in the servo-system. 
Thus, when a velocity change is commanded, the usual 
inertia lag is minimized by the third servo-loop and 
“ overshooting ”’ is minimized by the second loop. 

A test tape is supplied which enables the entire system 
to be tested by subjecting the moving member to a 10-sec 
cycle of specified motions. The actual and specified 
motions may be compared by the operator and, if found 
to be in error, a self-testing procedure is available for 
enabling the defective unit to be found quickly. 

Electronic Control Systems set out to develop a sys- 
tem which was a compromise between an expensive (and 
often unnecessary system, capable of handling virtually 
all contours automatically, and a simple system in which a 
great amount of programming had to be done by human 
agency. In catering for straight-line and circular-arc 
generation, the Digimatic system evidently replaces the 
need for excessive human calculation in the majority of 
engineering components. For companies who cannot 
employ the director on a full-time basis, there is a com- 
puter centre which produces magnetic tape from punched 
tape supplied by the company. 


' 
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(2) The Ferranti System 

The Ferranti curve-generating system uses a special- 
purpose digital computer and, in addition to the straight 
lines and circular arcs dealt with by the previous system, 
can also deal with other second-degree curves such as 
ellipses and can effect parabolic interpolation with 
matching of the gradients at the interpolation points. 





Fig. 81. Miniature spar for an aircraft. 
(Courtesy of Ferranti Ltd. 
The Ferranti Laboratory for machine-tool control was 
established just over six years ago and, from the outset, 
the company’s policy was to create a flexible system and 
one in which the maximum amount of human work was 
eliminated. The temptation to sacrifice flexibility for 
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Fig. 82. Engineering drawing and co-ordinate dimensioning schedule for the component shown in Fig. 81. 
(Courtesy of Ferranti Ltd.) 


JANUARY, 1959 Volume 20, No. | 





21 











a= = sae a s 2 °s a ee te Oaa SEEeERB aa EUVUAaGBGaeCHo “Sos 8 Woewxwe Cf -s-s 3 ve GBanaeew bh EE aa 
* Ss = of ‘2302 SSseoosS6e = == = = Ssetssd 2 = aSe2& 2 
S= & co) Sarscrgs SSHERSESSESaESSS SSEvzsee Saftacsszasgisce Sasree8 = 
—~ a ~~ ~ alia tacit AF aia 
Cpry puvssag fo A8a14nNO_ J) * 1B “Bi Ul UMOYs JUsUOdUIOD ay) Jo }904s BulUUEId 3943 WO’ JDeIIXy “¢R “Bia = 
nw 
i 
O 
Q 
n" 
[- 4 
lw 
lw 
= 
O 
= 
lu 
wu 
p 
kK 
SANVLSNOD SNIATdILINN IN310vuD BAYND 40 3Wd 40 S3LVNI0N0-09 SINIOd 39NVHD 3° S3LVNIGYO-09 SNO1LONULSN I 
$30VSS3N OUVONVIS SNOILONYASNI 19348 > 
N 





NOIAVUadO UBwsS sor O3x93HI'AY'W O3ND3HD 


*HOUNENIOS “G11 |ANVeuss| %5,0aa 31v0 | asst 
433HsS ONINNY Q3dAL ‘O'H OSNNVId 

















Extract from the planning sheet of the component shown in Fig. 81. (Courtesy of Ferranti Ltd.) 


Fig. 83. 
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expediency in the earlier stages of development was care- 

fully resisted. 

The essential elements of this British system are as 
follows :— 

(1) The planning sheet and a form of teleprinter type- 
writer for converting the numerical information 
to punched-tape form. 

(2) A special-purpose digital computer whose speed 
of generating the tape is greatly in excess of the 
playback speed and is therefore capable of 
feeding a number of machines with information. 

(3) A control unit, which embraces an electro-optical 
system of sensing the table position, and high- 
performance servo-motors. 


Data Preparation :— 


The conventional engineering drawing must be related 
to and dimensioned from rectangular co-ordinate axes so 
positioned as to make all dimensions of the same sign. 
This presents no difficulties, merely requiring that the 
origin lies outside the periphery of the workpiece ; in 
addition, it has the advantage of avoiding the need to 
distinguish between positive and negative values. 

The next stage is programming, which consists of 
specifying machining parameters such as feed rate, cutter 
diameter, etc. and drawing up in tabular form the infor- 
mation contained in the drawing. Fig. 81 shows a 
miniature spar for an aircraft, while Fig. 82 is the corres- 
ponding engineering drawing and co-ordinate dimen- 
sioning schedule, and Fig. 83 is an extract from the 
planning sheet. It will be noted from the planning sheet 
that the type of curve and plane of curve are, by conven- 
tion, specified only when contours other than straight 
lines are being programmed. The planner can demand 
any straight line, circle, ellipse, parabola, or hyperbola. 
Should a curve other than these be required, it must be 
expressed in terms of co-ordinates, through which the 
computer will produce a smooth curve, using its store of 
sub-routines. 

The information on the planning sheet is then passed 
to a copy-typist, who uses a teleprinter to transfer this 
information onto 5-channel punched-paper tape. The 
teleprinter also prints, in ordinary symbols, onto a sheet 
of paper, and the typing on this sheet can be compared 
with the planning sheet. 


The Computer :— 


The paper tape is fed to the special-purpose computer 
and is read block by block. For the curves mentioned 
previously, all that is necessary is to specify the co-ordi- 
nates of the end points and the type of curve ; the com- 
puter will add all the intermediate points. For other 
curves, the computer has an interpolation circuit which 
derives a continuous curve passing through five adjacent 
points. As points are passed and discarded, the oncoming 
points are considered, so that the interpolation is a con- 
tinuous process. Continuity of the slope or gradient of 
the curve is also ensured by matching the gradients at 
interpolation points ; in this way, cusps are avoided. 

The only ‘limitation of the computer is that it will 
calculate curve information only in one of the co-ordinate 
planes, i.e., the xy, yz, or xz planes. Consequently, while 
any straight line can be generated merely by correctly 
synchronizing the rates of pulses for the three axes, it is 
not possible to generate skew curves ; nevertheless, it 
should be stressed that this could be done with a more 
complex, and hence more costly, computer. 

With a fast curve generator, the information, when 
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calculated, is recorded on magnetic tape at about eight 
times the playback speed, so that one computer can 
provide for at least eight machine tools, though probably, 
in practice, this figure would be much higher. The maxi- 
mum pulse density which can be recorded on the mag- 
netic tape is 100 pulses per inch. The normal playback 


speed is 15 ips 900 ipm, and hence 90,000 pulses per 
minute can be counted. For the usual degree of accuracy, 
a pulse represents 0-0002 in., giving a maximum feed rate 
(in the direction of any one axis) of 90,000 x 0-0002 = 
18 ipm. For a reduced accuracy, e.g., of the order of 
0-002 in., the pulse unit can be increased to 0-001 in. and 
hence the maximum feed rate becomes 90 ipm. 

As with the Digimatic system described previously, 
Ferranti maintains computer centres (in this case, in 
Edinburgh and in London). Formerly, the computer 
centre charged a flat rate of £15 per computer hour, 
but this has now been put on the basis of a charge per 
tape, the charge depending on the number of tapes 
ordered per year and affording the greatest economic 
advantage to the companies who use the most tapes. 
The charge is £5 per tape up to 200 tapes per year, and £1 
per tape for 201 to 2000 tapes per year, reducing to 16/- 
per tape for more than 2000 tapes per year. 

One computer feature of assistance in reducing human 
effort is the automatic consideration of acceleration and 
deceleration at all points where the velocity vector 
changes. As with the Digimatic system, the computer 
will calculate the path of the cutter centre from the 
information supplied, i.e., cutter diameter and required 
contour. 


The Control Unit :-— 


The measuring element is a diffraction grating of the 
type described previously in the section on ** Positional 
Control Systems”. The servo-motors are three-phase, 
400-cps induction motors developing 0-5 hp at 10,000 
rpm, reaching this speed in 0-1 sec. These motors are 
fitted with a magnetic drum brake to lock the slides when 
the motor is de-energized. The main control of the motors 





Fig. 84. Standard tray unit and replacement cards used in the Ferranti 
curve-generating system. nn - 
(Courtesy of Ferranti Ltd.) 


is by comparison of the pulses from the magnetic tape 
(amplified by a magnetic amplifier) and those fed back 
from the measuring element. This is, in effect, the dis- 
placement control ; in addition, there is a velocity feed- 
back by voltage analogue, i.e., a tachometer generating a 
voltage proportional to speed. The pulses from the 
magnetic tape are also fed to a rate-meter which produces 
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a voltage proportional to the frequency of the pulses, i.e., 
to the desired or command velocity ; by comparing this 
voltage with the analogue voltage from the tachometer, 
the velocity is kept within 2°, of the commanded velocity. 





Fig. 85. 


The Fairey-Ferranti numerically controlled contour-milling 
machine. 


(Courtesy of Ferranti Ltd.) 


The overall accuracy of the system, with a grating of 
2500 lines per inch, is about 0-0005 in., depending on the 
machine to which it is applied ; however, if reduced 
accuracy can be tolerated, the tape speed can be reduced 
and hence the playing time increased. 

Provision is made for fifteen functional command 
signals, and general reliability has been carefully con- 
sidered. The system can be checked at the beginning of 
each day in about 15 min, and replacement is consider- 
ably facilitated by the use of standard tray units and cir- 
cuit cards. Fig. 84 shows a tray with replacement circuit 
cards. 

Ferranti Ltd. have had good experience in the field of 
applying numerical control both to machine tools and to 
other equipment. Among the machine tools are vertical 
milling machines (Cincinnati Nos. 3 and 4, Kearney & 
Trecker Nos. 2CE, 315, and 415 TF, and a 34-in. Arch- 
dale), a three-dimensional routing machine, a jig borer 
specially converted for automatic inspection of jigs and 
fixtures, and the new contour-milling machine developed 
in conjunction with the Fairey Aviation Co. Ltd. A 
general view of this machine and its control equipment 
is shown in Fig. 85. 


(3) The Farrand System 

The Farrand positional control system has already 
been described, and it will be recalled that a patented 
multi-pole resolver, known as an “ Inductosyn”’, was 
used. This also forms the basis of the Farrand Controls 
Inc. continuous contour control system, which can be 
divided into three stages, i.e., (1) programming, (2) curve 
generation, and (3) controlled machining. 

The programming stage is sensibly the same as in other 
systems and terminates with a teleprinter typist producing 
a punched tape. The curve-generation stage produces a 
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smooth curve having no discontinuities in slope or curya- 
ture. The intermediate points are generated in an 
analogue computer, built into the system, the input 
information being the main co-ordinates and the inter- 
polation constants. For a straight line, the interpolation 
constants are zero but, for a curve having a known form 
of equation, the constants in the equation must be 
evaluated. To generate a curve which is to pass through a 
series of specified points, the interpolation constants are 
found by solving the set of simultaneous equations which 
result from inserting the specified co-ordinates into the 
assumed form of equation, i.e., a polynomial, a small 
general-purpose computer being used. 

The table drives are variable-speed motors operated 
by digital information from the input reader, which 
provides discrete values of slope ; thus, straight lines are 
easily machined by adjusting the drives so that the ratio 
of their speeds is the tangent of the required angle of 
inclination to, say, the XY axis. For example, if the X and 
Y drive speeds are the same, a 45-deg. slope will be 
followed. 

For a curve, the slope is constantly changing, and a 
method had to be developed for continuously varying 
the ratio of the X and Y drive speeds. It was decided to 
express the requirements in the form of total curvature 
and its rate of change ; for a small arc of the curve, the 
total curvature is the angle subtended by the arc at the 
centre of curvature. As a result, the system is rather 
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Fig. 86. Block diagram of the ENIMS type-6N13PR curve-generating 
System. 





v . 
Fig. 87. Russian milling machine fitted with the ENIMS type-6N13PR 
curve-generating system. 
(Courtesy of ENIMS) 
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vulnerable to cumulative errors. To eliminate this 
tendency, certain co-ordinates are selected as check points 
and, when a certain deviation has occurred during 
machining, a position-checking computer calculates (by 
extrapolation) the total deviation at the next check point 
(assuming that the erroneous trend would remain the 
same until this check point was reached) ; corrective 
action is then taken. 

The control system receives the feedback signal from 
the Inductosyn and compares this with the command 
signal, and the corrective action mentioned previously is 
applied, not as a sudden discontinuity but as a gradual 
change in slope. The control section also includes a 
cutter-radius compensation unit, so that roughing and 
finishing cuts may be made with the same tape. 


(4) The Russian ENIMS Type-6NI3PR System 


The ENIMS Type-6N13 PR curve-generating system 
is a more recent development of the ENIMS organization 
than the linear interpolation system described previously. 
The input information in this case is normally punched 


tape and, since the system will generate straight lines and 
conic sections, a special-purpose digital computer is 
incorporated. 

The pulses representing the numerical information 
correspond to intervals of 0-05 mm and are fed to the 
amplifier (Fig. 86) by means of 6-channel magnetic tape 
(2 channels for each axis controlled). After amplification, 
the pulses are distributed to the three motors which 
provide the power for moving the table along each of the 
co-ordinate axes. These motors, which are stepping 
motors and thus provide not only the power but also the 
measuring element, rotate 3 degrees per pulse, i.e., one 
revolution per 120 pulses, or 6 mm = 0-236 in. 

The accuracies claimed are 10 microns transversely 
and vertically and 4 microns longitudinally. As there 
appears to be no Western experience of continuous con- 
trol with stepping motors, it is difficult to say whether 
this claim is optimistic or not. The milling machine con- 
trolled by this system is illustrated in Fig. 87. The 
computer is not shown, but the cabinet to the right of the 
machine is the playback unit for the magnetic tape. 


SOME SPECIAL APPLICATIONS OF NUMERICAL CONTROL 


So far, numerical control systems have been discussed 
strictly with respect to their application to chip-forming 
machine tools. In this section, it is proposed to give brief 
details of a few special applications of numerical control 
to chipless operations. 


Flame-Profiling 


In principle, numerical control can be applied to any 
process in which reasonably accurate movements are 
made along one or more axes. One example is in the 
flame-profiling of plates, a particularly common activity 
in shipyards. When drawings of the various ship sections 
have been completed, the next step in the conventional 
procedure is to prepare the scrieve boards, from which the 
frame stations are marked out and cut, bent, etc. from 
templates taken from them. After marking out, the plates 
are cut, usually by some kind of flame-cutting machine. 
Newer techniques, some involving optical methods, have 
been tried, but the latest development is a combination 
of a British Oxygen Company’s flame-cutting machine 
and the Ferranti numerical control system, as shown 
in Fig. 88. 

In this application, the instructions are given as co- 
ordinate points, as already described. The auxiliary 
function commands are used for (a) sensing the nozzle 
height above the plate, (b) checking the presence of a 
preheat flame and closing down the system if it is absent, 
and (c) automatically igniting the preheat gases. The 
schematic outline of the programme stages and control 
elements related to the automatic flame-profiling machine 
is shown in Fig. 89. 

The economics of this system have been examined 
for a fictitious shipyard [10], in which a yearly figure of 
£44,000 for plate-production costs under conventional 
methods is re-assessed at £26,400 for a numerically con- 
trolled system, giving a saving of 40°,. Evidently, a 
similar approach could be made to welding. 





[10] W. H. Pearse and R. R. SILLIFANT: ‘ Automatic Flame 
Profiling of Plate in Shipyard Practice ’’ ; Welding and Metal Fabrica- 
tion, December 1957. 
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Rolling of Metals 


Numerical control methods have also been applied to 
the rolling of metals in order to control the thickness of 
the strip. Although this may appear to be a simple 
problem, in actual fact the measurement of strip thickness 
is by no means easy. Clearly, to place a simple transducer 
on the exit side of the mill is easy but, equally clearly, 
this is a “* post-mortem ”’ sensing which introduces a 
delay into the corrective action over and above the phase 
lag of the feedback loop. Attempts to eradicate this 
usually lead to instability in the servo-system. 

The Davy-United system senses thickness indirectly 
by measuring the forces which the strip exerts on the mill, 
and can achieve an accuracy of thickness to within 
0-0003 in. Both the English Electric Co. and the Metro- 
politan-Vickers Electrical Co. have developed punched- 
tape control systems in conjunction with the British Iron 
and Steel Research Association. The input information 
of the English Electric system is ingot size, final bloom 


oe 





Fig. 88. The British Oxygen Company flame-profiling machine equipped 
with the Ferranti numerical control system. 
(Courtesy of British Oxygen Gases Ltd.) 
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© (1) Preparation of drawing. (5) Playing back magnetic tare in control co 
(2) Preparation of planning sheet. (6) Sequence control. 
© (3) Encoding of planning-sheet information. (7) Auxiliary-functions console. 
(4) Feeding paper tape into computer. (8) Flame-profiling machine. 


Fig. 89. Schematic outline of the programme stages and control elements of the British Oxygen Company flame-profiling machine equipped with 


the Ferranti numerical control system. 


size, and number of passes required. With these data, the 
system specifies for each pass the screwdown setting, tilt, 
roll-hole setting, and roll speed. The system, which uses 
telephone-switching techniques, is binary-coded, and a 
maximum of 150 programmes can be built in. In its 
simplest form, the Metropolitan-Vickers punched-tape 
input system provides five programmes of up to 20 
pulses each and, though intended for screwdown control 
only, it can be expanded. Screwdown-setting data are 
coded on a loop of tape, and tape preparation can be 
effected on a standard teleprinter with the aid of a table 
giving screwdown settings in terms of teleprinter letters. 
The tape-programming unit provides the positional 
reference signal for a remote-positioning Ward-Leonard 
system, in which the generator split-field excitation is 
controlled by a magnetic amplifier. A more complete 
discussion of these three systems has been given by 
Barlow [11]. 

So far, the only other forming process which appears 
to have been numerically controlled is a rather unusual 
application, i.e., stretch-forming, in which the Electro- 
systems Inc. control system has been applied to a Sheri- 
dan Gray stretch-forming machine. 


Bandsawing 


An interesting application of numerical control is to 
the DoAll bandsaw, in which the work must be capable 
of rotation and translation in two mutually perpendicular 
directions. A resolver potentiometer is used as the trans- 
ducer. This application has been discussed by Findlay [12]. 





{11] D. BARLow : “A First-Hand Report on Control in British 
Steel *’ ; Control Engineering, October 1957. 

[12] D. A. FinpLay : * Electronic Controls for Machine Tools ”* ; 
Electronics, February 1957. 
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(Courtesy of British Oxygen Gases Ltd.) 


Measuring Techniques 


The point has been made that a positional control 
system with decade-switch input could be used in reverse 
aS a measuring machine. This is evidently restricted to 
determining the distance between two points in terms of 
its resolved parts along the X and Y axes. The use of a 
continuous contour control system in reverse would 
provide a much more flexible means of automatic 
measurement. The basis of such a system would be to 
programme the contour to be inspected and encode it 
onto punched tape. The tool would be replaced by a 
sensitive measuring probe, preloaded so that negative and 
positive errors could be sensed. The error signal would 
not modify the motion of the moving element, but would 
be fed to an indicating or recording instrument. 





Fig. 90. Numerically controlled Russian dynamic balancing machine. 


(Courtesy of Stankoimport) 
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Evidently this use of numerical control makes very 
exacting demands on accuracy, and many problems 
require to be resolved, though some work in this con- 
nection has been done by the Ministry of Supply in 
Britain and reported recently by Elton [13]. 

A particularly interesting example of such an applica- 
tion of numerical control is in the case of the Russian 
automatic balancing machine, type 9720, shown in Fig. 
90, which forms part of a transfer line producing electric 
motors. The operation of determining the amount of 
unbalance and its location is basically performed in the 
usual way, but, instead of feeding the result to some form 
of indicating instrument, it is passed to a small computer, 
which determines for the end planes of the rotors the 
amount of material to te drilled out, and at what radius, 





{13] H. J. ELTON : ** Three-Dimensional Tape-Controlled Inspec- 
tion’’ ; Conference on the Technology of Engineering Manufacture 
Inst. Mech. Eng., London, March 1958. 


in order to balance the rotor. This information is fed to 
the drilling portion of the machine, which then performs 
the necessary operations to balance the rotor. The 
machine can accommodate parts ranging from about 
12 to 65 Ib in weight and has a I-min cycle of operation. 
Minimum determinable unbalance is about 0-02 oz-in. 

Although the Russians regard this as a balancing 
machine to which a computer and drilling section have 
been added, the author would like to consider the 
machine from a different viewpoint :— In all the numeri- 
cally controlled machine tools considered so far, the 
input information has to be supplied by a human being, 
who, of necessity, must be highly skilled. In this balancing 
machine, however, the drilling machine is programmed 
by another machine, i.e., the input information comes 
from the balancing machine. The author feels that this is 
a step, no matter how small, in the direction of automa- 
tion, as distinct from mechanization. 


CONSEQUENCES OF INTRODUCING NUMERICAL CONTROL 


The introduction of numerical control may well lead 
to a change in attitude on the part of designers and 
manufacturers, particularly insofar as machine-tool 
design, drawing-office procedure, and scheduling and 
economics are concerned. These factors are discussed in 
the following. 


The Machine Tool and its Design 


One of the most important consequences of the intro- 
duction of numerical control is the need for a more 
rational approach to machine-tool design. To date, 
numerical control has largely been a matter of adding 
control units to conventional machine tools, i.e., remov- 
ing handwheels and replacing them by servo-drives. 
There is little doubt that this practice must cease and that 
the machine tool and control system will have to be 
designed as an integrated whole. 

The development of the modern machine tool has 
been associated with the idea of a human operator, and 
in recent years much consideration has been given to 
locating controls for ease of operation ; furthermore, 
concepts such as the necessity for being able to have a 
completely unimpeded view of the workpiece are deep- 
rooted. When the operator has been eliminated, many 
important factors in design become non-existent, al- 
though attention should be given to the idea that even a 
numerically controlled machine tool ought to be capable 
of operation by a human agency should the circum- 
stances arise. 

Apart from this aspect, numerical control calls for a 
considerably revised outlook on the technological per- 
formance of a machine tool. Factors which must receive 
more attention are (1) table friction and backlash in the 
leadscrew, (2) stiffness, and (3) assessment of forces and 
power. 


Table Friction and Backlash in the Leadscrew :— 


Considerable improvements have been effected by the 
use of preloaded recirculating ball-bearing leadscrews, 
but much remains to be done in improving the perform- 
ance and life of these units. In positional control systems, 
where accuracy requirements tend to be higher, backlash 
is of particular importance, especially when the measur- 
JANUARY, 
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ing is done from the leadscrew ; many systems position 
always from the same direction in an effort to eliminate 
most of the variable nature of this effect, even if the effect 
itself cannot be eliminated. 

A great problem is the very high coefficient of friction 
which exists under static or low-velocity conditions and 
this, in effect, places a lower limit on the distance through 
which the table can be moved ; this distance is certainly 
small, but is comparable with the accuracy requirements 
of a good positional control system and has led to the 
consideration of various means of producing a positive 
small displacement. 

Since the magnitude of this displacement is of the 
order of an elastic strain, attention has naturally turned 
to the idea of clamping the table to the machine frame by 
means of a mechanical link. As it stands, there can be no 
movement of the table at all but, if a strain is induced in 
the link, it will extend or contract a small amount, and 
this will force the table to move through the same dis- 
tance. To induce this strain by mechanical loading is 
obviously difficult, while straining by thermal means 
introduces very undesirable temperature differences. A 
solution has been effected, however, by the use of the 
phenomenon of magnetostriction, and a device, utilizing 
this principle, has been patented under the name of the 
“Inchworm Motor ” [14], developed in the U.S.A. by 
Airborne Instruments Laboratory, Inc. 

Work on slideways and improved lubrication between 
table and ways is being conducted in many universities 
and industrial concerns throughout the world. Some 
account of this has been given by Koenigsberger [15], who 
is himself supervising a group of specialists working on 
several aspects of the mechanical design of numerically 
controlled machine tools. 

One system which shows considerable promise is that 
which uses oil pressure-lubricated slides ; the contour- 
milling machine shown in Fig. 85 has a column weighing 
some 20,000 Ib, supported by an oil-pressure slide in such 
a way that the friction force is of the order of | lb only. 





[14] ‘** Magnetostrictive Linear Actuator for Micro-Feed Applica- 
tions’ ; The Engineers’ Digest, April 1957, page 177. 

[15] F. KOeNIGSBERGER : “* The Design of Automatic Machine 
Tools for Electronic Control”; Third Production Conference, 
London, May 1958. 
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The Cincinnati Milling Machine Company in the U.S.A. 
has been prominent in the field of slideway lubrication, 
and their recent work was reported to the Conference on 
the Technology of Engineering Manufacture held at the 
Institution of Mechanical Engineers in March 1958. 
Stiffness :— 

In manually operated machine tools, the only stiffness 
of any great consequence is the static stiffness indicating 
the amount of elastic flexing which will take place under 
given applied cutting forces. This points to the general 
accuracy with which components can be produced. A 
manual operator can, however, exercise one control over 
the cutting process which, as yet, is not contained in any 
numerical control system, i.e., he can measure on the 
workpiece itself and thus be independent of the flexure of 
spindles, cutters, etc. Thus, there is good argument for a 
numerically controlled machine tool for continuous con- 
tour working to have a superior stiffness to an operator- 
controlled machine tool. 

However, with continuous contour control, the 
operation is usually discontinuous, as, for instance, in 
milling, and stiffness does not mean only static stiffness, 
as dynamic stiffness is of great importance and includes 
not only the structure of the machine, cutters, etc., but 
is also governed by the servo-drive, which has its own 
stiffness. The natural frequency of any elastic system is 
proportional to the square root of stiffness and inversely 
proportional to the square root of the effective mass. If 
the mass of a given machine tool is assumed to be con- 
stant, it will be seen that the natural frequency (which 
can be measured experimentally) is a direct measure of 
the dynamic stiffness. Thus, if the dynamic stiffness is to 
be high, the natural frequency must also be high. The 
sensitivity of a continuous contour system will be de- 
pendent on how high is the natural frequency. Machine 
tools, of course, are not light structures, and it is difficult to 
keep natural frequencies high ; this should provide an 
incentive to machine-tool designers to consider methods 
of construction which would give a lighter machine and 
yet sacrifice nothing in stiffness. Continental machine- 
tool builders and the aircraft industry generally have 
shown that structures need not be heavy to be stiff. 

The machine-tool designer will certainly have to 
approach stiffness problems in numerically controlled 
machine tools more rationally than he has in the past ; 
indeed, he will be forced to have, or to rely on, knowledge 
of experimental control-engineering techniques. 


Assessment of Forces and Power :— 


The higher metal-removal rates which can be 
achieved with continuous contour control will give rise to 
higher-powered driving motors, and it will be all the more 
important to assess the power requirements on a better 
basis than trial and error. An increased knowledge of 
dynamic stiffness will require a better knowledge of 
cutting forces, particularly in the milling process, if in- 
creases in stiffness are to be sought intelligently. 


Drawing-Office Procedure 


As has been stated several times in this survey, the 
conventional engineering drawing is ill-suited to nume- 
rical control. If a drawing is required at all, it should be 
dimensioned according to the requirements of the system. 
From some points of view, there is a good case for dis- 
pensing with a drawing (either conventional or co- 
ordinate) and drawing up a table of co-ordinates in the 
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Some methods of specifying a point, a straight line, and a 
circle, together with the symbolic forms used. 


Fig. 91. 


first place. Before this suggestion is prematurely ridi- 
culed, it should be remembered that some sections of the 
American aircraft industry adopted this procedure before 
numerical control systems were available. 

The Servomechanisms Laboratory of the Massachu- 
setts Institute of Technology is now working on the prob- 
lems of eliminating even this table of co-ordinates. A 
mnemonic symbolism is used which gives considerable 
flexibility in specifying the shape ; for instance, a point 
may be specified not only by its co-ordinates but also as 
the intersection of two lines, two circles, or a line and a 
circle, the mnemonic symbol being p. In this connection, 
since a line and a circle intersect at two points, the con- 
vention used is to select the point on the circle which has 


TABLE VI: COMPARISON OF TOOLING AND MACHINING TIMES FOR 
TRACER CONTROL AND NUMERICAL CONTROL 














Time [hr] with 
Tracer Numerical 
Control Control 
DESIGNING : 
Boring fixture 20 0 
Holding fixture 16 23 
Profile template 24 | 0 
Total designing time : 60 | 23 
MAKING : | 
- Boring fixture 50 0 
4 Holding fixture 40 48 
s Profile template 60 | 0 
< Total making time : 150 48 
PREPARING : 
Process sheet 0 16 
Process tape 0 4 
Computing H 0 1 
Total preparing time: || 0 | 21 
TOTAL TOOLING TIME : 210 | 92 
“w | SETTING UP: 33 1 
Z | MACHINING : = 4 1 
x | — — oe a 
< | TOTAL MACHINE TIME : 5k 2 
_ — ae 
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the least x value and to move around the circle in a clock- 
wise direction. The first intersection reached is called the 
near intersection and has the symbol N, while the other 
intersection is called the far intersection and has the 
symbol F. The symbols for a straight line and a circle are 
respectively s and c. Fig. 91 shows graphically some 
methods of specifying a point, a straight line, and a circle, 
together with the symbolic forms that should be used. It 
is clear that much manual interpolation is eliminated. 

Automatic programming has as its object the conver- 
sion of this flexible language into the language under- 
stood by the computer, which will work out the detailed 
interpolation [16] [17]. 


Scheduling and Economics 


Of all topics concerned with numerical control, the 
question of scheduling and economics is the most difficult 
on which to generalize. Insofar as continuous control 
systems are concerned, a particular case is analysed in 
Table VI, which is based on data supplied by the Bendix 
Aviation Corporation, and refers to an analysis made for 
a typical forged-aluminium aircraft component which 
required a large hole to be bored and the outside and 
inside surfaces to be profiled. Unfortunately, it is ex- 
tremely difficult to make any use of such a table to pre- 
dict the savings, or otherwise, on another component, 
because the ratios of preparation time to machining time 
for conventional and numerically controlled machining 
vary considerably from component to component. 

The possible approaches to the problem are (a) 
making an approximate estimate, and (b) making a more 
general analysis. If the existing estimating and costing 
system can give a reasonably reliable figure for the ratio 
of preparation to machining time for conventional 
machining, then it is possible to make an approximate 
estimate of the same ratio for a given system of numerical 
control and hence to compare the economics of the two 
systems. This may take the form of estimating the size 
of batch for which the economic advantage passes from 
the conventional to the numerically controlled process or 
of merely checking whether a given size of batch will be 
more economically produced on a conventionally or 
numerically controlled machine tool. This approach 
requires a knowledge of the following factors :— 

(i) For conventional control, the preparation time for 
designing and making fixtures and templates (or masters) 
and the machining time. A well-organized company 
should be able to make an estimate of the former based 
on previous experience and, since the machining will have 
to be planned anyway, a figure for the machining time 
should not be too difficult to obtain. 

(ii) For numerical control, the preparation time, which 
in this case consists of the time for designing and making 
a holding fixture (if any) plus the times for drawing up a 
process sheet, converting its information to punched tape 
form, and performing the interpolation (usually by com- 
puter). As before, the time for the holding fixture is 
largely a matter of previous experience, but the control- 
system manufacturer should be able to give fairly reliable 
information on programming and computing times, since 
he should know (a) the approximate time per line of the 
process of planning sheet, and (b) the ratio of computer 
to machining time, which is usually of the order of 1:8 
to 1:15. 


{16] D. T. Ross: ‘* Automatic Programming ”’ ; 
duction, May 1958, page 170. 

[17] A. StepeL : ‘* Automatic Machine-Tool Programming ”’ ; 
Control Engineering, October 1956, page 65. 
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In the case of the more general analysis, a single batch 
of N components can be assumed ; if further batches are 
to be produced, the argument should, strictly speaking, 
be modified, since some of the costs will then be shared 
between more components. As will be seen later, how- 
ever, the effect of any components in excess of about 10 
to 15 is negligible, at least to the general accuracy of 
information. 


Let the cutter travel distances be /1, Jo, /3 . . . 1, at 
feed rates of fi, fo, fs... f,. Then, the machining time 
Tm is 

I; Ig ls i, 
a ae ae a: ) 


If a roughing and a finishing cut are taken with two 
cutters of slightly different diameters, then this time 
should be doubled. 

The programming and tape-preparation time 7, can 
be assessed accurately from the number of co-ordinate 
points, if a reasonable time per co-ordinate is known. 
This time varies somewhat, but a figure of 2 to 3 min 
seems reasonable. Thus, if there are n co-ordinates, each 
requiring ¢ minutes per co-ordinate for programming and 
tape preparation, 


Ty = nt (2) 


The computing time 7, will be a fairly small fraction 
X of the machining time, owing to the high speed of 
operation of digital computers, which will produce mag- 
netic tape much more quickly than the machine tool can 
use it. Thus, 


T, r Tm (3) 


The programming and tape-preparation cost will 
depend on the hourly charges C, of the programming 
engineer and copy-typist. Therefore, 


(4) 


The computing cost can be assessed on the assump- 
tion that an hourly charge C, can be found, irrespective 
of whether the computer be owned or hired. Conse- 
quently, 


programming and tape-preparation cost = C,T, 


cost per machining hour = AC, 


and computing cost = AC,Ti, 


(5) 
(6) 


The cost of the magnetic tape can also be reduced to 
a cost per hour C; of machining time. Therefore, 


C; Tm (7) 
Col > + 2. CT + GT a @) 


This total will have to be met only once per batch, so 
that 


cost of magnetic tape = 


total of the above costs = 


Cot, + LAG, + C 
cost per component = —2-?— —F eas Se .. (9) 

The machining cost can be found from the cost per 
hour C,, of operating the particular machine, as deter- 
mined by standard costing procedures. Hence, 


machining cost per component = C,,T, (10) 
and the total cost C,,, per component is 
— ate t Sy iee te + CaTn 

= Sale + Tr (Met + Cn) (11) 
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Reasonable values for the parameters are A = 0-1, 


and C, = 15, C, = 300, C, = 18, and C,, = 35 [shillings 
per hour]. 
With these values, 


is, 


(12) 


48 
tot 1 (5 35) 

Fig. 92 shows the manner in which the component 
cost Ciot varies with the number of components N for 
various programming times T,. Two tendencies will be 
immediately apparent : 

(a) There is very little reduction in the cost per com- 
ponent beyond, say, N = 9 or 10. 

(b) There is much less increase in cost for doubling 
the programming time from } to 1 hr than there is for 
doubling it from 2 to 4 hr. This change is less for a batch 
of eight components than it is for a single item or a batch 
of two, as shown more clearly in Fig. 93, in which the 
component cost Ciot is plotted against the ratio of pro- 
gramming to machining times 7,/7,,. This figure also 
shows that, for batches larger than six components, the 
cost per component alters no more, with regard to all 
variables, than the general accuracy of information, i.e., 
variations in both N and 7, are scarcely worth detailed 
consideration. 

As mentioned previously, this analysis is not complete, 
but it does point to some general conclusions which, al- 
though perceptible on a qualitative basis, have been given 
some quantitative meaning by the analysis. 
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In the case of positional control systems, it is not easy 
to give any kind of general argument. In this sphere, 
numerical control can be advantageous in two respects : 

(a) The cost of producing the tape can be less than the 
cost of making a jig or fixture ; again, this advantage is 
much more effective in small batches. 

(b) The speed of table movement between positions, 
as well as the deceleration as the final position is ap- 
proached, may both be considerably higher for numerical 
control, thus reducing the time of operation and hence 
the general cost per component of running the machine. 
The main data required for assessing this advantage are 
shown in the column headed “ Positional Speed” in 
Table IV. 
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Fig. 93. Component cost Cio: as a function of the ratio of programming 
to machining times 7)/Tm. 

A random case-study which will perhaps be helpful 
concerns a batch of 1000 printed-circuit boards, each 
requiring 150 drilled holes, irregularly spaced, for mount- 
ing resistors and capacitors. The board (Fig. 94), which is 
quite small and thus necessitates a fairly high positioning 
accuracy, is used in a component manufactured by the 
Laboratory for Electronics Inc. Studies revealed that 
drilling each hole by hand costs about 87.50 per board, 
while the use of standard jigs reduced the cost to about 
$3.00 per board, and a special punch-and-die set could 
effect a reduction to $2.00. Numerical control brought 
the cost down to 20 cents per board. 

In concluding this section on economics, it is apposite 
to mention that the author’s experience and that of most 
companies manufacturing numerical control equipment 
is that too many executive-grade engineers regard nvu- 
merical control as a new step in mass-production tech- 
niques. This is, of course, completely mistaken and, 
indeed, if large numbers of components are involved, it 
may well be that conventional mass-production tech- 
niques, using jigs, etc., will give slightly lower costs than 
numerical control. One of the chief limitations of any 
analysis which is not statistically deduced is that circum- 
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Fig. 94. Printed-circuit board for mounting resistors and capacitors. 
(Courtesy of Laboratory for Electronics Inc.) 
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stances involving probability cannot be effectively con- 
sidered. The gap existing between theory and prac- 
tice is almost entirely due to circumstances which have a 
probability of occurring. Unless this can be assessed and 
formulated mathematically, it cannot be incorporated 
into a quantitative argument. Sometimes, circumstances 
may dictate a criterion peculiar to the particular case ; 
for example, numerical control requires a better and 
hence a more costly machine which may produce x 
times as many components as a conventionally controlled 
machine ; nevertheless, owing to the less stringent re- 
quirements for the conventionally controlled machine, 
the numerically controlled machine may cost x times as 
much to run, so that economically there is no difference 
between the two machines, unless the production rate 
needs boosting, in which case the numerical control sys- 
tem is the better. However, a period of enforced idleness 
later could offset this advantage, and it must be apparent 
that these types of variables cannot be considered unless 
(a) computational facilities are available and (b) proba- 
bilities of the relevant variables are known or can be 
assessed. Assuming this to be so, the potential dangers 
are now that the answer may cost more to obtain than it 
is worth and also that the accumulation of probabilities 
may make the final answer so indecisive as to be valueless. 


CONCLUSION 


It is true that numerical control confers certain bene- 
fits, but it is also true that its introduction can give rise to 
various problems. The benefits of numerical control may 
be summarized as follows :— 

(1) In general, the use of numerical control causes a 
reduction, sometimes quite considerable, in total 
preparation time. 

(2) Preparation accuracy is not determined by the 
operator skill but by the resolution of the system. 
Information is stored compactly and conveniently 
and may be retained for subsequent use or may be 
sent to another factory much more easily than can 
the master or template of a conventional system. 
A good operator can always make an error which, 
up to a point, is independent of the number of 
components he has produced. In the numerically 
controlled system, once the tape has been verified, 
production will be error-free or will shut down if 
a fault occurs and causes defective components. 
Moreover, beyond a vertain point, a human 
operator becomes increasingly susceptible to 
error caused by fatigue, whereas a numerically 
controlled system is immune in this respect. 
Speeds of operation can be higher in a numerically 
controlled machine tool, tending to give an in- 
crease in production ; if machine utilization is 
high, this tendency will become a certainty. 

(6) Modifications can normally be made with much 
less trouble than conventional methods, whether 
these be human or tracer control. 

The problems engendered by the introduction of 

numerical control can be summarized as follows :— 

(1) Numerical control is a new philosophy, and part 
or all of it must be assimilated by those concerned 
in production by numerical control, including 
management, production planning, design, fore- 
men, and operators. Training will be required and 
much reorganization will need to be done if any- 
thing like full advantage is to be obtained from 
numerical control. 
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(2) Selection of the system best suited to a given fac- 
tory or plant is also a problem, all the more so 
because experience, particularly in engineering, is 
absent. Time alone will rectify this latter 
deficiency. 

(3) Maintenance problems are undoubtedly greater 
with numerical control in general, although several 
positional control systems are virtually electrical 
and contain few, if any, thermionic valves. 
With regard to data processing, in some continu- 
ous contour control systems, a digital computer is 
virtually essential ; here, the choice is merely 
between buying or hiring time from a computer. 
In many cases, however, the volume of computa- 
tional work must be weighed against the cost of any 
form of mechanized assistance. 
Although there will normally be some field of 
application for numerical control in any factory 
or works, the extent will affect the decision as to 
whether it is feasible to use numerical control or 
not. This decision is at present a difficult one to 
make, as the problem is so complex if it is attacked 
rationally and completely. It would be of great 
assistance if some criterion, preferably simple, 
could be devised that would tell whether a given 
job was worth putting on a numerically controlled 
machine or not. This would enable the field of 
application within one factory to be studied fairly 
quickly and reasonably satisfactorily. 
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Inertial Guidance Systems for Missiles 
By R. A. WoLr. (From The Cornell Engineer, U.S.A., Vol. 24, No. 2, November 1958, pp. 18-21, 4 illustrations.) 


AparT from guidance systems which depend on such 
effects as radar, sound, and radio waves broadcast from 
the ground, there are two types of guidance systems 
which utilize only natural phenomena for determining 
the position of a vehicle such as a missile. Of these, the 
simpler type is celestial navigation, in which two pieces of 
information, i.e., the angular elevation of certain stars 
above the horizontal and the time, are used with trigono- 
metric computers to determine the position of the missile. 

Celestial navigation has, however, certain distinct 
disadvantages. Thus, it is quite difficult to design instru- 
ments which will accurately determine the true horizontal 
in a vehicle which is constantly accelerating, turning, 
pitching, and rolling. The methods used to determine the 
horizontal in nautical celestial measurements are not 
satisfactory for missile use. If celestial navigation is to be 
successful in missiles, a more complicated method for 
determining the horizontal will have to be used. The 
final solution of guidance problems is undoubtedly a 
completely self-contained unit which will need no stimuli 
from outside after the missile is launched. An inertial 
guidance unit operates in this way. 

The basic problem in the inertial guidance system is 
to find the direction of the vertical to the position of the 
missile and relate it to a fixed frame of reference. The 
most convenient fixed reference system for a missile is 
the direction of the vertical at the point of launching. The 
object is to have some instrument in the missile stay 
parallel to the vertical at the take-off point, no matter in 
what direction the missile moves. The most effective 
instrument for this purpose is the simple gyroscope. Its 
axis is oriented parallel to the vertical at the take-off point 
and its rotor is kept spinning. It is allowed to swing freely 
in one plane, so that each gyroscope will give the direction 
of the vertical in one plane. 

Once the fixed reference system has been determined, 
the more complicated problem arises of determining the 
true vertical at the position of the missile. A simple 
pendulum is not sufficient for the purpose, as it points to 
the centre of the earth only when it is not acted upon by 
any forces parallel to the surface of the earth. If the free 
end of the string of a pendulum is accelerated, the string 
must transmit a force parallel to the surface of the earth 
to accelerate the bob. This means that the string cannot 
possibly stay vertical when its free end is accelerated. In 
a missile there are tremendous accelerations, and a 
pendulum mounted in such a vehicle would not indicate 
the vertical, but would merely swing wildly. 

It is known, however, that, if a pendulum could be 
constructed with a length equal to the radius of the earth, 
the string would stay in the vertical position, irrespective 
of the degree of acceleration of the free end. The period 
of such a pendulum would be 84 min, and it has been 
propounded by Schuler that, if some device, similar to a 
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pendulum, could be constructed with a period of 84 min, 
it would always indicate the true vertical, no matter how 
much its free end was accelerated. A system simulating 
such a pendulum has, in fact, been devised and makes use 
of an accelerometer, which, in its simplest form, may be 
represented as a mass on the end of a spring. The 
acceleration to which the mass is subjected through the 
spring can be determined by measuring the elongation or 
compression of the spring. If this sort of device is put 
into a moving vehicle, and the signals from it are inte- 
grated once, the velocity of the vehicle is determined. If 
the signals are integrated twice, the distance which the 
vehicle has travelled can be found. 

In a missile, the position of the vertical changes rela- 
tive to the fixed reference frame, because the missile is 
circling a spherical body. However, the accelerometers 
which are to measure acceleration in the east-west and 
north-south directions must be kept exactly perpendicular 
to the vertical ; otherwise, an unwanted component of 
the acceleration of gravity affects their readings. In an 
inertial guidance unit, the accelerometers are usually 
mounted on a stabilized platform which holds a gyroscope 
to resist random turning motions. The platform itself is 
rotated by a system controlled by the doubly integrated 
signals from the accelerometers. Whenever these signals 
indicate a significant change in the missile’s position, 
motors rotate the stabilized platform, so that the platform 
is again at the local horizontal. In this way, the stabilized 
platform is guaranteed to be very nearly horizontal all 
the time. The direction of the true vertical is simply a 
perpendicular to the plane of the stabilized platform. If 
the angle between this perpendicular and the axis of the 
fixed reference gyroscope is measured, the position of the 
missile relative to its take-off point is easily determined. 

It has been stated that the stabilized platform is 
guaranteed to be very nearly horizontal all the time. 
However, there is a definite predictable error involved. 
When the missile is cruising, the doubly integrated 
accelerometer signals indicate a significant change in 
position and, after a short reaction time, the motors 
start to turn the stabilized platform towards the new 
horizontal for that position. However, during the time 
it takes for the motors to react and turn the platform, the 
platform is a little bit away from the horizontal, and a 
small component of gravity enters the accelerometer 
readings, making them a little bit too high. This means 
that, once it gets going, the platform will rotate a little too 
far. When this occurs, a component of gravity will enter 
the accelerometer readings again from the opposite 
direction, making them too low. The platform will start 
to swing back the other way. Thus, a simple harmonic 
motion of very small amplitude is set up in the system, the 
period of this motion being 84 min. 

Two other minor accessories are necessary for the 
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functioning of the unit. A clock must provide signals 
on which a correction for the earth’s rotation is based. 
These correction signals are added to the angle difference 
between the two verticals and the latitude and longitude 
of the take-off point. The latitude and longitude of the 
missile’s position are now determined. Also, it is usually 
desirable to know the altitude of the vehicle. This can be 
determined simply from the doubly integrated readings 
of an accelerometer mounted vertically on the stabilized 
platform. 


DESIGN AND MANUFACTURING PROBLEMS 


Although these operations may seem rather com- 
plicated, the principles behind them are much less com- 
plex than the design and manufacturing problems involved 
in the production of the units. The integrators, gyro- 
scopes, and accelerometers must be extremely accurate, 
so much so that, for instance, an error of only one ten- 
thousandth of the maximum reading of the accelerometer 
is quite sufficient to destroy completely the effectiveness 
of a long-range missile. 

It is quite obvious that no such system as the linear 
accelerometer employing a mass and spring can possibly 
register accurately accelerations to one part in ten- 
thousand or a hundred-thousand. Asaresult, designers are 
searching for new types of accelerometers. Of these, an inter- 
esting design is the electric spring accelerometer, which 
is capable of measuring accelerations as low as 0:000005 g. 
In this design, a mass is attached to the outside case of a 
d.c. motor, the case being supported between two low- 
friction bearings along the same axis as the motor 
armature. When the unit is accelerated, thus forcing the 
mass backwards and rotating the motor case, the arma- 
ture rotates in the opposite direction, so that an opposing 
torque is set up. The speed of the armature is increased 
until the torque it causes on the case just balances the 
torque caused by the accelerational force on the mass. 
The acceleration to which the unit is subjected can then 
be determined by checking the speed of the armature. 

There are several other interesting types of integrating 
accelerometers. One of these is a system in which the fre- 
quency of a resonating device is regulated by the accelera- 
tion of the missile, the velocity of the missile being deter- 
mined by counting the number of cycles the resonating 
device has gone through. 

Another type of integrating accelerometer is the un- 
balanced gyroscope. The system is arranged so that an 
acceleration produces a torque on the gyroscope, causing 
it to precess. The rate of precession is proportional to the 
torque. Measurement of the total angular displacement 
of the gyroscope at any time determines the velocity at 
that time. 

One of the most promising integrating accelerometer 
designs is one in which use is made of a small cylinder 
immersed in a silicone fluid inside a larger cylinder, which 
rotates at about 1000 rpm. Owing to the hydrostatic 
forces of the rapidly moving fluid, the small cylinder re- 
mains exactly centered inside the large cylinder, but is 
sensitive to accelerations along its longitudinal axis. The 
advantage of this arrangement is that there is essentially 
no unpredictable friction in the motion of the small 
cylinder. As the cylinder moves backwards and forwards 
with the acceleration, by-pass tubes move the fluid from 
one end of the large cylinder to the other. In this system, 
the velocity of the “ piston ”’ is exactly proportional to 
the acceleration, and the distance the piston travels is 
therefore proportional to the velocity of the missile. 

The accuracy required of all components of an inertial 
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guidance system makes their manufacture as difficult as 
their design. For instance, one of the leading American 
manufacturers of inertial guidance components requires 
the use of electropolishing operations and ultrasonic 
cleaning for all parts, while the deburring and polishing 
of smaller parts is effected with dental tools and a micro. 
scope. Furthermore, dust cannot be tolerated on the 
surfaces of these components, and a complex air filtra- 
tion system is necessary to remove essentially all dust 
particles larger than about 0-3 micron in diameter. Also, 
temperature must be held within very close limits. 

The strict control of atmospheric conditions causes 
odd problems in the movements of personnel. To enter 
an assembly room, a worker first puts on a cotton under- 
suit supplied by the company. He then washes his hands 
and face carefully and vacuum-cleans his shoes. Next, 
he enters a wind-tunnel for a 30-mph wind dusting. He 
then puts on dust-free, lint-free nylon overalls, boots, and 
a surgical cap, and returns to the wind tunnel for another 
wind dusting. All these precautions are necessary, be- 
cause a speck of dust in one of the delicate inertial guid- 
ance components could make it useless. 


THE FUTURE OF INERTIAL GUIDANCE SYSTEMS 


At present, the future of inertial guidance is still in 
question. Inertial systems are probably being used in 
most American ballistic missiles, but there is still great 
difficulty in making these missiles land with accuracy. 

Because of the difficulties in the design and manufac- 
ture of inertial guidance units, some missiles are being 
fitted with hybrid guidance systems, though a pure iner- 
tial system is undoubtedly the ideal. However, it may be 
a long time before components can be manufactured 
with sufficient accuracy to ensure that a missile will strike 
a small target at a range of 5000 miles. In the meantime, 
more and more firms are entering the field, and already 
there is a large number of different types and arrange- 
ments of accelerometers, gyroscopes, and integrators 
under development. 





Progress in the Continuous 


Casting of Steel 

(Concluded from page 44) 
multi-strand machines fed from 270-ton ladles. Three 
large commercial plants, designed for the manufacture 
of slabs up to 8 x 48 in., are already under construction. 
Many problems, however, have not yet been solved 
successfully, including the casting of rimming steels in 
various shapes and of high-alloy steels in squares and 
rounds. It would appear that Russia has not made great 
progress in the automatic control of casting, and further 
investigations are also required into the prevention of 
oxidation of plain carbon and special steels, and into an 
increase in mould life. 


CONCLUSION 


Although, in addition to the countries mentioned, 
extensive research and development programmes are 








being carried out in a number of other countries, including | 


Sweden, Australia, Argentina, and Japan, many diffi- 
culties remain to be overcome, both metallurgical and 
technological; furthermore, many factors are not yet 
fully recognized, though there is every reason to expect 
that the continuous casting of steel will eventually develop 
from its present more or less exploratory status to a 
valuable production process in all major steel-producing 
countries. 
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Improving the Punchability of Silicon Steel 


By C. S. Wukusick and R. S. ZENo. (From The Tool, Engineer, Vol. 41, No. 6, December 1958, 
pp. 63-70, 12 illustrations.) 


ALTHOUGH punching operations have been performed on 
electrical steels for many years, little information has been 
available on their punching qualities. This is due prim- 
arily to the great number of variables present in a punch- 
ing operation, including the die steel, the type and 
capacity of the press, the material being punched, and the 
die set-up. At present, there is no accepted method of 
evaluating the punchability of a given steel except by 
making actual runs. 

This article deals with work on the punchability of 
grain-oriented 34% silicon steel, as used for several years 
in applications requiring punching. However, the 
material is not usually punched in the oriented condition 
(after final annealing) because of poor punchability. 
Punching is effected after the final normalizing or de- 
carburizing treatment, where the material is fine-grained 
and essentially non-oriented, after which the punchings 
are annealed in a batch operation. 

The objectives of the investigation were (1) to deter- 
mine the cause or causes of the poor punchability of the 
fully processed material, and (2) to improve its punch- 
ability. The material used was grain-oriented 3}% Si 
cold-rolled steel, 0-014 in. in thickness. The type of 
orientation is cube-on-edge with a [110] plane in the 
plane of the strip and a [001] direction parallel to the 
with-grain direction. Both fully processed (coarse-grain 
size) and semi-processed (fine-grain size) steels were 
studied. The punch press used was a high-speed 12-ton, 
C-frame press, equipped with automatic feed, speed 
being variable from 150 to 400 strokes per minute. A 
four-post, ball-bearing die set was used, the blank pro- 
duced in this test being } x 4 in. with 34-in. radii at the 
corners, punched from 3-in. wide strip, as shown in Fig. 1. 

Three commonly used die materials were evaluated by 
punching the most abrasive steel, e.g., a strip coated with 
a varnish containing abrasive particles such as silicates. 
The die materials evaluated were (1) a tool steel (1:5% C, 
12% Cr, 0-9°,, Mo, and 0-8% V), (2) a high-speed steel 
(08% C, 65% W, 5% Mo, 4% Cr, and 2% V), and 
(3) tungsten carbide. The punch and die steels were heat- 
treated to a hardness level of 60-61 Rockwell C. 

In order to determine the optimum clearance between 
punch and die as a function of the velocity of the punch, 
preliminary experiments were carried out, and the 
optimum clearance, as a result of these tests, was con- 
sidered to be about 0-002 in. cross-grain and 0:0015 in. 
with-grain. Subsequent tests were run at these clearances. 

The depth of penetration of the punch into the die 
should be as small as possible. During initial punchability 
tests it was found necessary to increase the depth from 
0:002 to about 0-005 in. as the dies became worn. Subse- 
quent tests were run at a depth of 0-005 in. Varying the 
speed of operation from 150 to 400 strokes per minute 
had little, if any, effect on the fracture characteristics. 
Punchability tests were run at 250 strokes per minute. 

A chromium plating, applied to the punch in two 
tests, was deposited electrolytically and was approxi- 
mately 0-0005 in. thick. No lubrication was used, except 
in a few tests where molybdenum disulphide powder or 
enamel was used. The phosphate coatings present on 
some of the steel strip may be considered as lubricants. 

In addition, the surface conditions of the various 
samples were altered by different methods of processing, 
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including pickling in 16%HCl+ 4%HF with and 
without the addition of powdered MoSsg, treatment with 
MgPOs, with and without the addition of powdered MoSz, 
varnishing with an inorganic material containing abrasive 
particles, and semi-processing and annealing at 980°C 
with an AlsO3 or MgO separator. In this connection, it 
was noted that AleOs apparently does not react with the 
steel. At 980°C, very little scale forms when AlsOs is 
used as a separator. Some silicate formation occurs, 
however, at 980°C when MgO is used, but the condition 
appears to be much less abrasive than when annealing is 
carried out at 1175°C. 


PUNCHABILITY TESTS 


The material to be tested was slit into strips of § in. in 
width. A quantity of one sample of strip was used as a 
base material. At the start of each test a few punchings 
were made from this material and examined to ensure 
that starting conditions (alignment and die sharpness) 
were the same for all tests. The criterion used was the 
amounts of “cut” and “ break’ on the edges of the 
punchings. 

As stated, all tests were run at 250 strokes per minute, 
and the depth of penetration of the punch into the die 
was set at 0-005 in. Sample punchings were taken after 
every 5000 or 10,000 punchings. Tests were terminated 
when the burr height reached from 0-003 to 0-005 in. 
Burr height was plotted as a function of the number of 
punchings. Some tests were stopped for economy reasons 
after long runs, even though the burr height was low. In 
these cases, the total number of punchings required to 
produce a 0-005-in. burr was estimated. 
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Fig. 1. Orientation and shape of punchings. 


It was found during punchability tests that, as the 
dies become worn, burr height increases, as also does the 
‘“* cut ” on the edge of a punching. The “ cut ” measure- 
ments are more sensitive than burr height in the early 
stages of a test. Also, burr height increases more rapidly 
when punching with-grain, even though in a few tests the 
starting conditions in the cross-grain direction were 
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poorer. The punch and die were inspected after each 
test in order to determine the wear pattern. They were 
then ground and inspected in preparation for the following 
test. 

Carbide dies were found to be far superior to steel 
dies, in that a material which runs up to about 30,000 
punches per grind on steel dies will run better than one 
million punches per grind on carbide dies. Since carbide 
dies cost several times as much as steel dies, they are 
applicable only when a large number of punchings is to 
be made. For example, it has been estimated that, if the 
total number of punchings is sufficient to wear out a steel 
die, then it is economically feasible to use carbide, owing 
to decreased grinding costs. 

In tests to determine whether increased wear resistance 
could be obtained with a hard-chromium-plated punch, 
it was noted that, during punching, the forces acting on 
the edges of the punch caused the plating to spall at the 
edges. Asa result, little or no improvement was obtained. 


EFFECT OF MATERIAL VARIABLES 


As already mentioned, most variations in material 
were accomplished by changing the surface conditions, 
but slight variations in grain size and orientation were also 
obtained. In this connection, two tests were run on 
material with a reduced grain size (0-020-in. diameter) 
and orientation (60°). All other tests were carried out 
on material with a larger grain size (0-10- to 0-25-in. 
diameter) and higher orientation (80°). It was found 
that reduced grain size and orientation provide a slight 
improvement. Magnetic quality decreases with de- 
creased orientation, so that significant improvements in 
punchability cannot be obtained in this manner without 
sacrificing magnetic quality. 

The punchability at 10 deg. to the with-grain direction 
may be slightly poorer. However, examination of the 
corners of punchings from several tests indicates that 
punchability is not very different at angles between the 
with- and cross-grain directions. 

Variations in surface conditions caused wide vari- 
ations in punchability, surface condition and die material 
being found to be the most significant variables. The 
scale formed during the high-temperature anneal is 
abrasive and, unless this scale is absent, little improve- 
ment in punchability can be realized unless carbide dies 
are used. Removal of the scale by pickling in 16°, 
HCI + 4% HF resulted in improvements from about 
30,000 to about 150,000 punches per grind. 

In tests on the effect of the abrasive scale on die wear, 
the die edge was found to be tapered, indicating that 
abrasion had taken place. For cleaned material, a radius 
was produced on the edges of the die. The MoSe used in 
this test was not a factor, because a subsequent test on 
abrasive material with the MoS2 showed the same 
pattern of wear as that noted in the case of abrasive scale. 
About three times as much material must be removed in 
sharpening the die when abrasive material is punched. If 
punchability is defined in terms of the number of punch- 
ings per unit of die length, the estimated punchability 
of the abrasive material must be reduced by about two- 
thirds, in comparison with pickled materials. 

Another important factor is the coating applied after 
final anneal. If magnesium phosphate is applied after 
pickling, further improvements are obtained. For 
example, the material used in one test was mill-pickled 
and coated with magnesium phosphate. The pickling 
operation is costly and difficult to control. As a result, 
the surface condition varies widely from sample to sample. 
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Material used in other tests was also mill-pickled, but the 
abrasive scale was not completely removed. In these 
tests, only 50,000 to 75,000 punchings per grind were 
obtained, compared with 500,000 for a well-cleaneq 
material. 

When Al2O3 powder is used as an annealing separ. 
ator, the abrasive scale does not form, presumably 
because the AleO3 does not react with the steel surface, 
and good punchability may be obtained for a material so 
processed. The important point is that no pickling is 
necessary. The AlzOs powder was removed by brushing, 
and the strip was then phosphate-coated. Initial experi. 
ments indicate, however, that magnetic quality is im. 
paired, owing to retention of sulphur in the steel. When 
MgO is used, the sulphur is removed. 

When the steel is annealed at about 1000°C, the scale 
condition is more favourable than at higher temperatures, 
At 980°C, the AlzO3 coating appears to be slightly better 
than the MgO coating. Further improvements in punch- 
ability could probably be realized by applying a MgPO, 
coating after annealing. 

Any discussion of punchability would be incom. 
plete without mentioning the mechanical properties of 
the work material, which vary widely with direction in the 
strip, differences in modulus of elasticity and elongation 
being particularly noteworthy. It should also be noted 
that optimum die clearance and shear strength both 
vary with direction in the strip. 


CORRELATION WITH PRODUCTION RUNS 

The test results on punchability can probably be con- 
sidered as the upper limit of what may be expected ina 
production run, There are several reasons why produc- 
tion runs are much shorter than test runs, and among 
these reasons may be mentioned the following :— 

(1) The size of a punching is usually much larger, so 

that alignment problems are multiplied. 
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Fig. 2. Sketches illustrating three steps of the punching operation. 
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(2) The press is less rigid, because the capacity of the 
press in relation to the size of the punching is 
usually much less. 

(3) Distortion and movement of the strip while punch- 
ing are greater. 

(4) The speed of operation is usually less, of the order 
of 30 strokes per minute. 

Experience has shown that from three to five times as 
many punchings are obtained in a test as in production 
of large punchings. On this basis, materials which give 
300,000 to 500,000 punchings per grind in a test should 
give 60,000 to 160,000 in production. 

No adequate theory has been developed to make it 
possible to predict the punchability of a material, though 
it is conceivable that an equation could be developed, 
consisting of several parameters which evidently have an 
effect on punchability. These could be thickness, mech- 
anical properties, composition (inherent abrasiveness), 
grain size and orientation, a surface-condition factor, and 
lubrication. Such an equation would also require a 
term which would be constant for a given die practice. 
The variables involved here are no less important, 
among them being the die material, grinding practice, die 
alignment, depth of penetration of the punch into the 
die, speed of operation of the press, press capacity, shear 
angle, relief angle, etc. 

The punching process is admittedly complex, but 
sketches (Fig. 2) drawn from measurements made on the 
cross-sections of edges of punchings show that initial 
deformation occurs by drawing the steel over the edges 


of the punch and die. Then the edges penetrate the steel 
in the area of the “ cut’’, the final stage being the “* break ’’, 
where a shear- or cleavage-type fracture occurs. 

It is evident that the most desirable condition would 
be minimum length of ** cut ” edge or maximum “ break ”’. 
because then the contact between the die and the mater- 
ial, causing wear of the die, is minimized. 

Theoretically, it is not necessary for the punch to 
enter the die as shown in Fig. 2. It would seem that 
considerable die wear could result from abrasion occur- 
ring between the punch and die, especially if abrasive 
particles are present. However, it is not practical to set 
the punch in such a way that it makes the punching but 
does not enter the die, because the punch and supporting 
structures are not rigid. 


CONCLUSIONS 


From the results of this investigation, it is concluded 
that tungsten carbide dies are capable of punching 
oriented silicon steel even under abrasive conditions, and 
that the punchability of this material may be greatly 
improved by removing or preventing the formation of 
abrasive scale, e.g., by annealing at a temperature below 
that at which abrasive scale forms. 

In addition, the use of a solid lubricant such as 
enamel provides considerable improvement. However, 
improper die practice can mask any material improve- 
ments. The punchability rating for a given material is a 
function of both die (punching) practice and material con- 
dition (surface, grain size, and mechanical properties). 
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Radio Interference from Fluorescent Lamps 


By H. J. J. vAN Boort, M. Kerk, and A. A. KruitHor. (From Philips Technical Review, Vol. 20, No. 5. 
1958/59, pp. 135-144, 11 illustrations.) 


SomE fluorescent lighting installations cause interference 
with radio reception, and such interference is strikingly 
unpredictable in its occurrence. As a rule, radio inter- 
ference caused by fluorescent lamps constitutes a nuisance 
only at frequencies below about 1500 kcs. It is hardly 
ever troublesome on the short-wave bands and quite in- 
appreciable in frequency-modulation and television re- 
ception. For this reason, this article is concerned only 
with the long and medium waves, which are the most 
important regions affected by this form of interference. 

The irregular nature of the radio interference genera- 
ted by fluorescent lamps has two entirely distinct causes, 
i.e., (1) the oscillations produced in the lamp can fluctuate 
considerably in strength, and (2) the oscillations can be 
transmitted to the receiver in different ways, resulting in 
substantial variations in the coupling between the lamp 
and the receiver. 

The high-frequency oscillations produced in a fluores- 
cent lamp can be transmitted along two different paths to 
a radio receiver, i.e., directly from the lamp to the aerial, 
or via the mains. The interference reaching the receiver 
by the direct path is noticeable only when the distance 
between the effective part of the aerial and the lamp is less 
than about 6 to 10 ft. Since it should normally be possible 
when installing the receiver to make this distance larger 
(e.g., by using a screened lead-in cable) the direct lamp- 
to-aerial transmission of oscillations is not considered in 
the standardized method of measurement. The trans- 
mission of interference via the mains involves capaci- 
1959 
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tances which are generally disregarded in the more usual 
considerations of an electric-light mains, but which are 
by no means negligible where high-frequency oscillations 
are concerned. 

A schematic representation of the circuit elements 
through which high-frequency oscillations from a fluores- 
cent lamp can be propagated to the aerial A is shown in 
Fig. 1. The symmetrical and asymmetrical components 
of the high-frequency voltages on the lamp electrodes, 
denoted respectively by Vi* and V2*, produce on the 
mains conductors p and qg the symmetrical and asym- 
metrical voltages V; and V2 respectively. Since the cir- 
cuit, generally speaking, is not symmetrical with respect 
to earth, Vi is not exclusively caused by Vi*, nor V2 by 
V2*, but Vi and V2 are both influenced by Vi* and V2*. 
In most cases, however, Vi* is the main origin of Vi, and 
Vo* of Va. 

From Fig. 1, it can be seen that the symmetrical vol- 
tage component V; acts on a bridge circuit consisting of 
the capacitances Cy1, Cy2, Cai, and Caz. If the bridge is 
balanced, i.e., if the condition C41Cye2 Ca2Cn1 is 
satisfied, the voltage V; will not cause any voltage to 
appear between the aerial and earth terminals. Although 
this condition is never exactly fulfilled, it is probable, 
nevertheless, that it has the effect of greatly reducing the 
influence of the symmetrical component of the inter- 
ference voltage. 

The current produced by V2* flows through Cy, to 
earth and returns to the lamp along two principal paths, 
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i.e., via Cy2 and via the series arrangement of Cy1 and 
Cs. It is obvious that, as regards the asymmetrical com- 
ponent V2, it is not possible to achieve any marked reduc- 
tion of the interfering voltage on the aerial terminals by 
balancing the bridge circuit on the right of Fig. 1. 

Concerning the penetration of interference into the 
receiver through the power transformer, it should be 
noted that several receiver elements are capacitively 
coupled to the two mains conductors via the transformer. 
Consequently, it is possible that here, too, the symmetrical 
component of the interfering voltage will not, or only very 
weakly, enter the receiver ; in the case of the asymmetri- 
cal component, there is again little chance of balancing 
out the interference voltages. 
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Fig. 1. Schematic representation of the circuit elements through which 
high-frequency oscillations from a —— lamp can be propagated 
to the aerial. 


In practice, all the capacitances in Fig. 1 can have very 
divergent values, which means that the strength of the 
coupling between lamp and aerial is subject to consider- 
able variation. 

A comprehensive series of interference measurements 
has been made on 40-W tubular fluorescent lamps, using 
a ballast consisting of a choke, here designated Type I. 
The suppressor capacitor used (Co in Fig. 1) had a capa- 
citance of 0:01 yF. Altogether, more than 800 of these 
lamps were investigated. They were obtained by setting 
aside daily, during a period of six months, a few lamps 
from normal production runs. Before measurement, the 
lamps were given two burn-in periods, each of 24 hr. 
Since the discharge sets in only at that end of each coiled 
filament electrode which is nearest to the mains, the lamps 
were reversed during the burning-in process, so that the 
arc burnt equally long on both ends of the electrodes. 

Measurements of interference voltages were carried 
out at seven frequencies, i.e., two in the long-wave band 
(160 and 240 kcs), three in the medium-wave band (750, 
1000, and 1400 kcs), and two in the transitional region 
(350 and 550 kes). The maximum values obtained (in 
decibels above 1 1. V) were 59 dB in the long-wave band 
and in the transitional region, and 53 dB in the medium- 
wave band. In fact, it may be said that, with these parti- 
cular 40-W lamps and a Type-I choke, a value of 60 dB is 
very rarely exceeded. 

Experience has shown that every lamp, during its 
useful life, can exhibit variations in its interference vol- 
tage of the same magnitude as found with a group of 
lamps all of the same age. Interference can both rise and 
fall during the life of a lamp, so that the average value in 
a large group remains much the same. Since there is a 
possibility that a lamp which initially causes little inter- 
ference may later generate a considerable amount, the 
maximum values given above must always be taken into 
account. 

The weaker or more distant is the station to which the 
receiver is tuned, the greater will be the nuisance experi- 
enced from a given level of interference voltages. In 
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many countries, the requirement, based on experience, jg 
that both the symmetrical and asymmetrical components 
of the interference voltage, measured with the C.L.S.P.R. 
test equipment, i.e., the standardized method devised by 
the Commission Internationale Spéciale des Perturbg. 
tions Radiophoniques of measuring the symmetrical and 
asymmetrical voltages introduced into mains conductors 
by a source of interference, should be lower than | mV, 
i.e., less than 60 dB above | pV. In special cases, it may 
be desirable to specify more stringent requirements, par- 
ticularly for the reception of extremely weak stations, in 
laboratories where highly sensitive apparatus is in use, or 
where the impedances of the electric-light mains have very 
unfavourable values. 

In order to discover whether the interference could be 
further reduced by making modifications in the lamp 
itself or in the circuit, it was considered desirable to 
ascertain at what point in the gas discharge the origin of 
the interference should be sought, and in what way the 
interference is connected with the mechanism of the dis- 
charge. 


ORIGIN OF INTERFERENCE IN FLUORESCENT LAMPS 


For the purpose of locating the exact region in a lamp 
where the high-frequency oscillations arise, a lamp was 
fed via an isolating transformer, which made it possible 
to earth the circuit at any point. Also used for the investi- 
gation was a semicircular metal strip, which may be called 
an aerial probe, and which was fitted round the lamp and 
could be moved to and fro. The interference voltage 
picked up by this probe was passed to a C.I.S.P.R. test 
receiver, the I.F. signal of which was applied to the verti- 
cal deflection plates of an oscilloscope. The horizontal 
deflection of the oscilloscope was synchronized with the 
mains voltage. 





Fig. 2. Oscillograms of (a) interference voltage, (b) lamp voltage, and 
(c) current, with the lamp circuit unearthed. 


Fig. 2 shows the waveform (a) which appears on the 
oscilloscope screen when the lamp circuit is not earthed, 
the aerial probe is placed midway along the lamp, and the 
test receiver is tuned to 300 kcs. The voltage (b) across 
the lamp and the current (c) are also shown. It can be 
seen that the high-frequency voltage (a) is very strong at 
the beginning of each half-cycle, just when the voltage 
across the lamp reaches the ignition potential. This part 
is called the ignition interference. Thereafter, the inter- 
ference voltage shows a number of peaks near the middle 
of each half-cycle. In many cases, a strongish peak ap- 
pears at the end of each half-cycle (not visible in Fig. 1), 
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Fig. 3. Oscillograms of (a) interference voltage, (b) lamp voltage, and 
(c) current, with one of the lamp electrodes earthed. 


and this is called the extinction interference. Usually, ex- 
tinction interference is weaker than ignition interference. 

If one of the lamp electrodes is now earthed and the 
probe is moved near this electrode, the waveform ob- 
tained on the oscilloscope screen is as shown in Fig. 3. 
Obviously, this waveform exhibits primarily that part of 
the oscillations which originates in the proximity of the 
earthed electrode, for the interference generated here gives 
rise to the full voltage over the small part of the discharge 
lying between the probe and the earthed electrode. Inter- 
ference originating at the other electrode or at other posi- 
tions in the lamp gives rise to only a small voltage over 
the same small part of the discharge. From the absence 
in Fig. 3, compared with Fig. 2, of exactly half the oscil- 
lations, it can be concluded that the interference origi- 
nates near the electrodes. 

If the polarity of the lamp is examined, it is found 
that ignition and extinction oscillations are generated 
during the half-cycle in which the electrode concerned is 
the cathode. Both these oscillations are therefore 
designated cathode interference. The oscillations in the 
middle of the half-cycle arise when the electrode con- 
cerned is the anode, these oscillations being referred to as 
anode interference. 

The fact that both kinds of interference originate near 
the electrodes can be confirmed by various experiments. 
Also, tests with a movable probe mounted inside the lamp 
close to an electrode have demonstrated that the source 
of cathode interference must be located at not more than 
afew millimetres away from the turn (or the two turns) 
of the coiled electrode where the discharge takes hold. 

Further investigation has established that cathode 
interference is chiefly made up of components with fre- 
quencies higher than about 350 kcs, while anode inter- 
ference mainly contains components with frequencies 
below 250 kes. In the medium-wave band cathode inter- 
ference predominates, in the long-wave band anode 
interference, and in the transitional region first one and 
then the other predominates. 


INVESTIGATION OF CATHODE INTERFERENCE 


In view of its predominance in the important medium- 
wave band, cathode interference was subjected to a closer 
investigation, involving both the electrical and optical 
phenomena occurring in a lamp. 

In order to study the electrical phenomena, the out- 
put signal of the I.F. section of a C.I.S.P.R. test receiver 
was again applied to the vertical deflection plates of an 
JANUARY, 
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oscilloscope For the horizontal deflection, use was now 
made of an extended time-base, enabling a small part of 
each cycle to be displayed over the whole breadth of the 
screen. 

Two methods were adopted for studying the optical 
phenomena in a discharge lamp. In the first method, a 
photo-multiplier tube was mounted close to one of the 
electrodes and its output voltage applied to an oscillo- 
scope. In the second method, the area around an elec- 
trode was observed through a narrow slit in a disc which 
was made to revolve synchronously with the mains fre- 
quency. It was possible to vary the instant of the cycle 
at which the discharge was noted. In this way the obser- 
ver was able to examine the discharge near an electrode 
for a very short time during each cycle. Owing to the 
inertia of the eye, however, no variations taking place 
during the instant of observation were perceptible. The 
photo-multiplier tube, on the other hand, has an almost 
instantaneous response to the total luminous flux emitted 
near the electrode under examination, and therefore pro- 
vides a more detailed picture of the luminous intensity as 
a function of time. 

Fig. 4 shows two oscillograms obtained with the aid 
of the aerial probe, the C.I.S.P.R. test receiver, and the 
extended time-base. The middle waveform represents the 
ignition interference, while the top and bottom waveforms 
represent respectively the lamp voltage and current. 
Making allowance for a slight phase-shift in the equip- 
ment, it can be concluded from these oscillograms that 
ignition interference occurs at the moment when the vol- 
tage, after having passed through zero, again rises to 
about 14 V. It can also be seen that this interference can 
occur in two ways, sometimes as a regular oscillation 
with a stationary envelope, which also manifests itself in 
the voltage waveform, as in Fig. 4a, but usually as an 
irregular oscillation (Fig. 4b), in which case only a very 
faint kink is perceptible in the voltage waveform at the 
beginning of the oscillation. Analogous phenomena are 
observed in the case of extinction interference. 





Fig. 4. Oscillograms of ignition interference, recorded with an extended 
time-base. 
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The regular oscillations are found to have a frequency 
of some tens of kilocycles per second, and are non-sinu- 
soidal, so that harmonics are encountered at higher fre- 
quencies , in the medium-wave band these harmonics are 
quite weak. With the photo-multiplier tube the regular 
oscillations can also be very clearly observed in the light 
of the discharge. 

The strongest interference in the medium-wave band 
is caused by lamps generating irregular cathode oscilla- 
tions (Fig. 4b). The frequency of these oscillations lies in 
the region of some hundreds of kilocycles per second, and 
their amplitude is hardly affected by the external circuit. 
Through the revolving disc the luminosity is observed to 
occur at some distance from the electrode early on in the 
cycle, and only later in the cycle surrounds the electrode 
entirely. In the case of regular oscillations, on the other 
hand, the luminosity entirely surrounds the electrode. 

Irregular oscillations can also be generated in a lamp 
operating on direct current. To achieve this, the discharge 
current must be smaller than the (temperature-dependent) 
cathode saturation current. Plainly, in an alternating- 
current discharge, this state occurs at the beginning and 
end of each half-cycle in which the electrode concerned 
is the cathode, as, owing to the thermal inertia of the elec- 
trodes, the saturation current at the beginning and end 
of each cathodic half-cycle is still fairly high, despite the 
fact that heating chiefly takes place about midway 
through each half-cycle. Since the lamp current gradu- 
ally rises and falls, the state favouring generation of irre- 
gular oscillations occurs twice per cycle for each electrode. 

These phenomena suggest that the irregular oscilla- 
tions may be regarded as oscillations of positive ions in 
the potential minimum which occurs in front of the 
cathode, while the discharge current is lower than the 
saturation current of the cathode. 

Since a high saturation current is necessarily associa- 
ted with the cathode condition needed to ensure that the 
lamp has an adequate life, it is not likely that the level of 
the oscillations generated in the lamp can be appreciably 
lowered without impairing the desired properties of the 
cathode. When it is required to reduce radio interference 
caused by the lamps, it is therefore necessary to prevent 
the oscillations from entering the mains. 


MEANS OF SUPPRESSING INTERFERENCE 


It should be noted first of all that the choke in the 
ballast and the capacitor Co in Fig. 1 should both be re- 
garded as a means of reducing interference. The self- 
capacitance Cs of the choke constitutes the largest im- 
pedance in the principal path for the symmetrical com- 
ponent (Fig. 1). This is confirmed by the fact that, when 
a capacitor is shunted across the choke, the symmetrical 
component shows a marked increase. With a capacitor 
of 1250 pF the respective increases in the long-wave, 
transitional, and medium-wave bands were found to be 
16 dB, 12 dB, and 5 dB. By splitting the choke into two 
parts and including one of these parts in each of the leads 
of the lamp it is possible to reduce the symmetrical com- 
ponent. The reduction obtained in a specific case was 12 
dB. This component can be reduced by about 20 dB, if 
the choke be wound according to a special system which 
leaves both halves with a particularly low self-capacitance. 

In the circuit path for the asymmetrical component, 
the largest impedance is usually the capacitance Cy, bet- 
ween the lamp and earth (Fig. 1). Increasing this capaci- 
tance by earthing the fixture on which the lamp is moun- 
ted, or by earthing a metal fixture around the lamp, is 
found to increase the asymmetrical component by 12 and 
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20 dB respectively. If there is a choke in each of the two 
leads to the lamp, the impedances represented by the self. 
capacitance of these chokes also affect the asymmetrical 
component. In this case, a capacitor Cs is inserted in the 
lead between points x and y in Fig. 1, so that the impe- 
dance in this branch is increased. In this way it was 
found possible to reduce the asymmetrical component by 
4 dB. With a low-capacitance system of winding, the 
reduction amounted to 14 dB. The impedance between 
the lamp and the mains can be further increased by intro. 
ducing low-capacitance high-frequency chokes in the two 
leads to the lamp. With chokes having a self-capacitance 
of only 15 pF it was possible to reduce the asymmetrical 
component by about 18 dB. Often, however, the leads 
from the choke to the lamp run parallel with the mains 
conductors, which means that the high-frequency chokes 
are bypassed by capacitances which can be much larger 
than their own self-capacitance. In such cases nothing is 
gained by using these chokes. 

The suppressor capacitor Co reduces both compo- 
nents of the interference voltage but, just as with Cs, its 
effect is greater on the symmetrical component. If Co is 
removed, the symmetrical component increases by about 
20 dB and the asymmetrical component by about 10 dB. 
Increasing Co from 10,000 to 20,000 pF causes a drop of 
5 dB in the symmetrical and 2 dB in the asymmetrical 
component. 
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Fig. 5. Fluorescent lamp with series-connected choke and delta filter. 

A simple method of further suppressing interference 
is to use a so-called delta filter, consisting of three capa- 
citors C, and C,, connected as shown in Fig. 5. The 
capacitor C,, of 0:2 uF, is connected between the two 
mains conductors, and hence in parallel with Cy (Fig. 1). 
This results in a drastic drop, about 35 dB, in the sym- 
metrical component. The remaining magnitude of this 
component is roughly inversely proportional to C,. 

The mains conductors are connected via the two capa- 
citors C, to the fixture A. To eliminate the possibility of 
receiving an electric shock from the fixture, the capaci- 
tance of each must not exceed 2500 pF. They influence 
almost exclusively the asymmetrical component. It 
would appear that a metal shield at one side of the lamp 
L, combined with a delta filter, causes appreciable sup- 
pression of interference. The same degree of suppression 
is achieved when, instead of a metal cover, metal louvres 
are fixed underneath the lamp, again connected to the 
star-point S;. An advantage of using a delta filter is that 
no earth lead is necessary. In many cases it is not possible 
to install a good earth lead, and in others the lead would 
have to be so long that it would itself act as a coupling 
element with the receiver aerial. If a good, short earth 
lead is available, it may then be beneficial to connect the 
star-point of the delta filter to it, but not the fixture, as 
this would mean an increase in C,, (Fig. 1). 
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Progress in the Continuous Casting of Steel 


ALTHOUGH the basic idea of continuous casting is more 
than one hundred years old, until the last fifteen years this 
process was almost entirely restricted to the manufacture 
of light metals, such as aluminium, copper, and brass. 
The first patent on the continuous casting of light metals 
around a vibrating mandrel was obtained as long ago as 
1843, but a more direct approach was made to the pro- 
blem by Bessemer, who utilized two shaped revolving 
rolls to produce various sections in his casting machine, 
devised in 1856. In the early 1930's, Junghans in Germany 
developed a new process for the continuous casting of 
brass. His method was later improved by an American 
(Irving Rossi), and is known to-day as the Junghans- 
Rossi process. 

In this process, on which most continuous casting 
plant is based, metal is poured from a ladle, generally 
preheated, into a preheated tundish, whence it is dis- 
charged into stationary or reciprocating water-cooled 
moulds. Near the top of the moulds, a pool of molten 
metal is formed, and the partially solidified billet or slab, 
following a specially constructed dummy bar, is with- 
drawn by sets of rolls. To prevent the metal from sticking 
to the mould, seme form of lubrication is generally used. 
Solidification of the metal is completed while the billet 
passes through a zone of water sprays, after which it is 
cut to suitable lengths and is despatched. 

Other developments in this field include the Jacquet 
machine, in which complete solidification of the billet 
takes place in the mould before its withdrawal, and the 
Williams machine, which incorporates a_ thin-walled 
brass or copper mould. In general, continuous casting 
plants vary widely in the types of ladles used, in the de- 
sign of tundish, moulds, and withdrawal equipment, in 
the casting temperatures involved, and in the water-spray- 
ing methods, protective atmospheres, and controls em- 
ployed. Continuous casting machines are usually classi- 
fied according to the number of streams of metal cast, 
eg., Single-, twin-, four-strand, etc. 

After World War II, the possibilities of continuous 
casting aroused the interest of steel manufacturers, and 
several pilot plants and experimental machines have since 
been built all over the world. It should, however, be 
mentioned that the introduction of the continuous casting 
process, insofar as steel is concerned, has been retarded 
by the following factors :— 

(1) Steel is much more difficult to handle than light 
metals, primarily because of its lower coefficient of 
heat conductivity, which delays and makes more com- 
plex the process of solidification, and also because of 
its higher melting point, which introduces problems in 
refractories and elaborate cooling equipment. 

(2) Determination of optimum mould sizes, casting 
speeds and temperatures, cooling arrangements, etc., 
require expensive long-term experiments. 

On the other hand, the main advantages of the con- 
tinuous casting of steel may be summarized as follows :— 

(1) A reduced capital investment is required to 
build new steel plant or to extend existing works by 
replacing with a single unit such expensive installations 
as slabbing or blooming mills, soaking pits, ingot- 
stripping equipment, etc. As a comparison of oper- 
ations of conventional and continuous casting processes 
it may be stated that the conventional process requires 
ten intermediate stages to produce the semi-finished 
product, i.e., (1) electric or open-hearth furnace, (2) 
ladle, (3) crane transport to pouring platform, (4) ingot 
JANUARY, 
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BILLET DISCHARGED 
HORIZONTALLY ON 


mould, (5) rail or crane transport to stripper, (6) ingot 
stripping, (7) transport to soaking pits, (8) soaking 
pits, (9) crane transport to blooming mill, and (10) 
blooming mill. On the other hand, the continuous 
casting process requires only five stages, i.e., (1) 
electric or open-hearth furnace, (2) ladle, (3) crane 
transport to casting platform, (4) continuous casting 
machine, and (5) transport from machine. 

(2) A greater yield per ton of molten metal than 
with the conventional process is obtained, eliminating 
many losses occurring during teeming, ingot dressing, 
and rolling and shearing of the products. Thus, for 
example, according to a recent analysis, to produce 100 
tons of finished slabs, the conventional method re- 
quires a total of 117 tons of new metallics (69 tons of 
hot metal and 48 tons of scrap), whereas the continu- 
ous casting method requires 113 tons of new metallics 
(69 tons of hot metal and 44 tons of scrap). 

(3) Considerable savings in operating costs, per- 
sonnel, and maintenance are possible. 

The Iron and Steel Institute, realizing the great possi- 
bilities of the process, recently arranged an international 
forum for discussing progress in continuous casting at its 
Autumn General Meeting, held in London on Decem- 
ber 10, 1958. Several papers were presented (some of 
which were previously read at the Special Session in 
Charleroi, June 1958), and the following is a discussion, 
mainly based on these papers, of various developments in 
the continuous casting of steel in different countries. 


DEVELOPMENTS IN THE UNITED KINGDOM 


At present, four continuous casting plants are in 
operation in the U.K., i.e., at the Barrow Steel Works 
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Ltd., at the Sheffield laboratories of the British Iron and 
Steel Research Association (B.1.S.R.A.), at the Sheffield 
works of William Jessop & Sons, Ltd., and at the Brad- 
ford works of Low Moor Alloy Steelworks, Ltd. 





Fig. 2. View of the continuous casting aa i at Barrow from the 
po Rell side, showing the horizontal discharge and cutting-off of the 
billet. 


The continuous casting process developed at Barrow 
is characterized by high casting speeds. In this plant, 
small sections are cast, mainly 2-in. squares, at the rate 
of about 7 tons/hr. Initially, based on the Junghans- 
Rossi principle, a pilot plant was built which was further 
improved to an automatically controlled twin-strand 
machine in 1958. Fig. | shows diagrammatically the 
vertical disposition of the casting machine, which is 
supported on a tower constructed with two main plat- 
forms. The moulds are reciprocated vertically by a cam- 
and-link system, and water-spraying of the partially 
solidified billets is extensively used. Below the with- 
drawal rolls, which are driven by a 5-hp motor, the billets 
descend to a pair of bending rolls, one fixed and one 
movable, which bend and discharge them along a hori- 
zontal path (Fig. 2). 

The twin-strand machine is automatically operated, 
but manual controls can also be employed. Casting 
starts after the desired metal temperature is confirmed by 
an immersion pyrometer. The level of the metal is 
detected by gamma-rays transmitted from shielded and 
collimated radioactive sources of cobalt 60 or caesium 
137 through the mould walls. Photomultiplier tubes, 
positioned on the opposite side, receive the radiation, 
indicating and controlling casting speed. 

At Barrow, the mould is reciprocated vertically, as in 
many other continuous casting plants, but, in addition, a 
“negative-strip’’ feature is introduced. A simple 3:1 
ratio cam is used to move the mould downwards at 
slightly faster speeds than those of billet descent for 
about three-quarters of each reciprocation cycle; in the 
remaining quarter-cycle, the mould is then raised about 
three times more quickly than during its descent. 
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The movement of the billet can be superimposed on a 
diagram of mould movement (Fig. 3), which basically js 
the profile of the cam. The line ABC in Fig. 3 represents 
mould movement to a time base-line of one complete 
cycle, AB being its descent and BC its upward movement. 
Line JJ represents the superimposed descent of the billet, 
if conditions are synchronized as in the case of the Jung- 
hans design. Line KK represents billet descent, if it is 
slower than that of the mould, while line LL represents 
billet descent when it is faster than that of the mould, 
Since all these lines coincide at the beginning of mould 
descent, the differences at the end are real and are termed 
“negative strip” and “positive strip” respectively. 

While several forms of mould reciprocation have been 
tried out at Barrow, negative strip has produced the best 
results, and is stated to reduce drag and to prevent 
sticking between the billet skin and mould walls, making 
possible high casting speeds. In addition, it prevents 
the formation of cracks by compacted crystallization 
and, if any cracks form during the upward stroke of 
the mould, it closes them and causes them to weld up. 
Negative strip also appears to be an efficient means of 
combating wear in the cam-and-link system. 

Billets cast at Barrow have a regular shape and a com- 
paratively smooth surface but, owing to their cast struc- 
ture, have to be rolled, forged, or hot-worked before 
being used. Some defects occasionally occurring are 
transverse corner cracks and ripple marks, which in most 
cases disappear during subsequent hot-working. The 
higher-carbon steels are usually found to contain little 
or no central porosity. Austenitic steels solidify with an 
inner structure: which shows a continued growth of the 
columnar crystals to the centre of the section (Fig. 4). 
Low-carbon steels show a similar tendency, but with 
the formation of an appreciable amount of equiaxed 
crystals. 
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Fig. 3. Diagram of profile of 3:1 ratio cam for mould movement, with 
superimposed diagram of billet movement. 

The Sheffield pilot plant of B.I.S.R.A. came into 
service in September 1955 and has been largely used to 
provide sample casts for member firms and to give a 
general account of the characteristics of billets. The 
plant is provided with steel from a }-ton electric-arc 
furnace and makes use of a spring-mounted mould (Fig. 
5). The mould tube is drawn from electrolytic copper and 
is surrounded by a water jacket, both being mounted 
on compression springs contained in telescopic pillars. 
This type of mould has been found to be a simple and 
effective means of overcoming skin rupture, and, as it is 
an independent unit, changing of moulds takes only 
about 15 min. 

At this pilot plant, killed plain carbon and low-alloy 
steels are used almost exclusively and are cast at speeds 
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ranging from 36 to 144 ipm. The great majority of the 
ingots are characterized by a good surface and com- 
parative freedom from segregation, but in some cases a 
certain amount of looseness is present. 

Sponsored by a group of eleven companies, a con- 
tinuous casting plant was installed in 1953 at the works of 
William Jessop & Sons, Ltd., of Sheffield, primarily for 
the purpose of studying the casting of high-speed and 
other alloy steels. A diagram of the arrangement used is 
shown in Fig. 6. In addition to lip-poured ladles, bottom- 
poured ladles suspended from a crane are also used. The 
metal is poured through a tundish to the spring-mounted 
moulds and is withdrawn by a set of two rolls, each 8 in. 
in diameter. The rolls, driven by a 5-hp motor through a 
reduction gear, have a speed which is variable between 
0:5 and 2:5 rpm and withdraw the billets at a casting 
speed of from 10 to 60 ipm. 

Cutting-off is accomplished by standard oxy-propane 
burners, using iron-powder injection. These burners are 
mounted on a carriage which traverses horizontally and 
moves downwards with the cast billet. The lengths then 
fall into a basket, which is counterbalanced so that the 
entering billet tilts it forward, enabling the conveyor to 
pick up the billet and to despatch it to floor level. 





Fig. 4. Cross-section of a 6 = 2 in. chrome-nickel stainless-steel slab, 
showing the continued growth in columnar crystals to the centre of the 
section. 

Analysis of the cast products has shown that their 
structure is similar to that of conventional billets of com- 
parable section, but is not markedly improved. In 
contradiction to experience in other plants, water- 
spraying and electromagnetic stirring do not here im- 
prove the quality of the high-speed steel. 

During 1946, Low Moor Alloy Steelworks, Ltd., 
who were considering installing new rolling equipment, 
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became interested in the idea of continuous casting. A 
machine, mainly on the lines of the Junghans-Rossi con- 
ception, but incorporating a special hoist and ejector 
(Fig. 7), was constructed, and for a number of years 
experiments have been carried out on a wide range of 
steels, from simple to complex alloy grades. The machine 
is 50 ft in height, some 35 ft of which is below ground 
level, and is fed from a standard ladle with metal melted 
in electric-arc furnaces. Squares and rounds from 3} in. 
to 54 in. are cast, and these can be manipulated in either 
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Fig. 6. Diagrammatic arrangement of the Jessop continuous casting 


single- or twin-strand moulds, but slabs in larger sizes 
and in special grades can also be produced. The billets 
are stated to be sound both internally and externally 
and have a well-defined and evenly-distributed grain 
structure, which is at least equal to that of a small con- 
ventional ingot. 


DEVELOPMENTS IN EUROPE 


Austria is one of the pioneers of continuous casting of 
steel, the first attempts having been made in this direction 
as far back as 1934. Two plants are in operation to-day, 
one built by Gebr. Béhler and Co., AG, in Kad- 
fenberg, and the other by Eisenwerk Breitenfelp 
GmbH, of Wartberg. A prominent feature of these 
designs is the separation between the working areas 
and casting areas. The plants employ a lowering 
gear consisting of two pairs of overhung driven 
rolls, which automatically adjust themselves to 
different sections cast. 

Three continuous casting plants are in exis- 
tence in France, of which the oldest is that of Jacob 
Holtzer, at Unieux, Loire, which aims at the pro- 
duction of small spring-steel billets cast at low 
speeds. At the Etablissements Cail, of Denain, 
Nord, the output is confined to ordinary and 
special grades of steel in billets of about 8 x 8 in. 
Another French plant, at Allevard, has a high 
casting speed, ranging from 120 to 240 ipm. In 
this plant, which manufactures small sections of 
standard and alloy steels, a saving of from 8 to 
10%, compared with conventional practice, has 
been achieved. 
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Fig. 5. B.1.S.R.A. continuous casting mould, showing spring suspension. 
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month, is operated by the Mannesmann Hittten- 
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werke AG, at Huckingen. Low-alloy special steels are 


cast in 8- to 10-in. squares for rolling into tube rounds, 
and round ingots of 10 to 12 in. diameter for direct use 
in tube mills. Several types of moulds were tested, but 
the best results have been obtained with a spring-mounted 
mould. For withdrawal of light sections two pairs of 
pinch rolls are used, and for heavy sections two or more 
pairs of double-sided rolls are employed. 





Fig. 6. Hoist and ejector used in the Low Moor continuous casting 
plant. 


At the Belgian Metallurgical Research Centre at 
Hainaut, the first experimental unit, on the lines of the 
British B.I.S.R.A. plant, was commissioned in 1957 to 
study the casting of small sections of killed basic Bessemer 
and low-alloy carbon steels. A second unit is now under 
construction for studying the casting of rimming steels— 
a matter of considerable importance, as 85°, of Belgian 
steel is produced in basic Bessemer converters and most 
of it is rimming steel. 

At the Battelle Memorial Institute in Geneva extensive 
work is being carried out on the electromagnetic control 
of the supply of liquid steel in an installation designed for 
the manufacture of welding rods and consisting of a 
continuous casting machine and a rolling mill. 


DEVELOPMENTS IN CANADA AND THE U.S.A. 


A large continuous casting installation in Canada, 
built by Atlas Steel Ltd., of Welland, Ontario, is also 
based on the Junghans-Rossi design and employs a 
reciprocating mould. The steel is melted in 6-, 12-, or 
30-ton basic arc furnaces and is tapped into preheated 
ladles. To prevent metal sticking to the mould walls, a 
rapeseed lubricant is used and, to prevent oxidation, a 
protective propane atmosphere is maintained during 
casting. The casting range varies from 4}-in. squares to 
6$ x 24 in. slabs, and grades of metal include high- 
speed steel, valve steel, alloy steel, carbon and chrome- 
tungsten tool steels, and certain stainless steels. Recent- 
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ly, automatic control of tilting and mould level has been 
developed, and experiments are planned on casting a slab 
size which can be directly fed into the strip mill. 

In 1956, the Inland Steel Company, in co-operation 
with the Freyn Department of the Koppers Company, 
both in the U.S.A., and Atlas Steel Ltd., carried out 
experiments on the continuous casting of low-carbon 
steels suitable for hot- and cold-rolled sheet products, 
Thirty-five different heats were cast, twelve of which were 
analysed in detail. The solidification of de-oxidized 
steels was characterized by columnar freezing from the 
outer surface to the centre of the section, and there was 
little macroscopic segregation present. During the solidi- 
fication of rimming steels, however, gas-forming reactions 
similar to those in conventional ingot practice occurred, 
and considerable porosity was observed. 

The Republic Steel Corporation and the Babcock & 
Wilcox Co. in the U.S.A. have worked out a joint 
development programme for research in continuous 
casting and for developing a suitable production plant. A 
pilot plant, using a mould developed from the Williams 
design, was established in 1946 at the Tubular Products 
Division of the Babcock & Wilcox Co., at Beaver Falls, 
Pa. In this plant, in which the holding ladle is heated 
electrically and the metal is stirred by a rotating electro- 
magnet, automatic control of the process is widely used. 
Common grades of steel containing up to 1°, carbon, 
low-alloy steels, and some stainless steels containing 
sulphur and selenium have been successfully cast and 
converted into finished products, such as tubes, bars, and 
strip. 


CONTINUOUS CASTING IN RUSSIA 


In Russia, five continuous or semi-continuous casting 
plants have so far been erected, mainly for experimental 
purposes. The first industrial installation, in operation 
since 1955 at the Krasnoye Sormovo works, is designed 
for casting 7 < 16} in. slabs, and consists of two machines 
which receive metal from a 50-ton ladle. Construction of 
a third twin-strand machine has recently commenced. In 
the Krasnoye Sormovo plant, medium-carbon killed steel 
is mainly cast, but trials have also been made with rim- 
ming and low-carbon steels. The plant works three shifts 
and has an output of 3500 to 4000 tons per month. 

In all Russian plants, stoppered ladles are employed, 
and the design of tundish and nozzle varies widely, 
according to the cross-section cast. Both stationary and 
reciprocating moulds are used, with wall thicknesses of 
about $ to ? in. The Russian machines are generally 
housed below ground level, making it possible to install 
them in existing melting shops and to utilize existing 
crane facilities. These advantages are, however, offset 
by the greater cost of building pits and pouring bays 
below ground level. 

Directed by professional and research institutes, an 
extensive research programme is being carried out in 
connection with the metallurgical, technological, and 
economical aspects of the process. It has been found that 
an increase in liquid-steel temperature is associated with 
an improvement in surface quality, but excessively high 
temperatures lead to the formation of longitudinal cracks. 
Other investigations have shown that round sections more 
easily form internal and external cracks than square 
sections, and that shrinkage and segregation defects 
increase with an increase in the ratio of slab width to slab 
thickness. 

Future plans in Russia include the introduction of 

(Concluded on page 34) 
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The Fatigue Strength of Weld Metal 


FINLAND 


By O. E1ro. (From Acta Polytechnica Scandinavica, Mechanical Engineering Series, No. 3, 1958, 26 pp., 7 illustrations.) 


WELD metal is not generally equivalent to rolled steel in 
its resistance to dynamic loads. The duration of the steel- 
making process is fairly long, and most of the impurities 
in the steel have time to settle out or to accumulate at 
positions from which they can be subsequently removed 
before rolling. Also, in rolling, considerable deform- 
ation of the material occurs, as a result of which the 
crystal structure is made more uniform, so that finally a 
comparatively homogeneous material is obtained. 

In welding, the conditions are different. Thus, the 
metal is in the molten state only for a short period of time, 
even if this period is extended somewhat by the slag 
formed from the electrode coating. The impurities do 
not have sufficient time to settle out completely, and 
there are always particles of slag and gases inside the 
seam, in more or less appreciable quantities. 

In addition, owing to the relatively cold surroundings, 
cooling takes place rapidly, with a decisive influence on 
crystal structure. The cast structure of the welding seam 
is clearly visible, with the primary crystal forms oriented 
in the direction of cooling. In a seam composed of 
several layers, the lower layers are annealed by the upper 
layers and thus are given a finer crystal structure. In any 
case, the cross-section of the seam contains considerably 
different sizes of crystals, which are a disadvantage as 
regards dynamic loads, though it is true that a more 
uniform crystal structure can be obtained by heat treat- 
ment or by mechanical working. 

Still another factor to be considered is that the seam 
of the finished weld has a rippled and domed surface with 
sharp discontinuities, the transition from the parent 
metal to the welding material giving rise to a notch effect 
which reduces the dynamic strength of the construction. 
The importance of discontinuities is borne out by the 
well-known fact that the fatigue strength of the seam 
can be considerably improved by grinding. In addition, 
the weld has to sustain residual stresses of appreciable 
magnitude, if no heat treatment has been employed, and, 
in any case, the skill of the welder exercises considerable 
influence. 

From the above considerations, it can be expected 
that the test results for weld material will differ from 
those for rolled material, particularly by exhibiting a 
wider range of scatter. It should be noted, however, that 
normally the fatigue strength of weld material is suffi- 
ciently high in comparison with the fatigue strength allowed 
for the construction on the basis of other design consider- 
ations. Compared with a riveted construction, the welded 
design is superior in dynamic strength. 

In the following, details are given of an investigation 
into the fatigue strength of weld-metals obtained with 
various welding electrodes used in manual and auto- 
matic welding. The tests made were mainly bending 
fatigue tests, but alternating tension and compression 
tests were also carried out to a sufficient extent to enable 
some assessment to be made of relative strength values 
for these two types of loading. Moreover, the quantity 
of hydrogen in the weld metal was determined, and an 
attempt was made to estimate its influence on fatigue 
strength. 


BENDING FATIGUE TESTS 


The investigation included the use of basic, rutile, 
and acid-coated electrodes, each of these types being 
represented by electrodes of three different makes, of the 
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compositions given in Table I. In addition, tests were 
carried out with weld metals produced by three automatic 
welding processes (Fusarc, Unionmelt, and Lincolnweld), 
the compositions of these metals being also given in 
Table I. 


TABLE I : CHARACTERISTICS OF ELECTRODES TESTED 








Type of Electrode 




















Basic Rutile Acid | Welding. 
COMPOSITION [%] | 
Carbon || 0:05-0:07 | 0:08-0:11 | 0:08-0:12 | 0:04-0:06 
Silicon | 0-60 0:20-0:60 | 0:07-0:10 | 0:33-0:56 
Manganese || 0:65-1:50 | 0:46-0:62 | 0:40-0:52 | 0:58-0:88 
Phosphorus 0-01-0-02 0-02 0-02 0:02-0:03 
Sulphur | 0-02 0-01-0-02 | 0-01-0-02 | 0-02-0-03 
Test RESULTS | | | 
{kg/mm?] | | | 
Bending fatigue | | | 
strength || 32-35 22-32 23-26 27-30 
Yield point 42-43 39-44 36-37 33-40 
Ultimate tensile 
strength | 51-56 47-52 45-48 49-50 














Test bars of weld material were made in accordance 
with the dimensions given in Fig. 1, and tests were carried 
out on a fatigue-testing machine up to a maximum of 107 
load cycles. The bending fatigue strength was determined 
as the particular stress level at 10° cycles sustained with- 
out failure by at least 50°, of the test bars. The results 
obtained are also shown in Table I and include the yield 
point and the ultimate tensile strength. From these 
values it can be seen that the ratio of yield point to 
ultimate tensile strength is fairly constant, with a value 
of about 0-8, i.e., nearly equal to that of some high- 
strength steels. 
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Fig. 1. Dimensions of test bar used in bending fatigue tests. 


As was only to be expected, the bending fatigue tests 
showed that fractures initiated at defective positions on 
the surface of the test bars, i.e., at gas pockets, slag in- 
clusions, etc., and that changes in crystal structure also 
exerted some influence. 

When the electrodes have a coating material which 
leaves quartz particles in the weld (e.g., acid electrodes), 
these particles are in most cases the origin of the fatigue 
fracture, provided, of course, that no inherent defects are 
responsible. With electrodes which do not contain quartz 
particles (e.g., basic electrodes), the initial fracture is 
usually situated near a transition zone between fine and 
coarse crystals, but on the side of the coarser structure. 
Microscopic examination of 50 test bars welded with a 
basic electrode showed 37 cases in which the fracture 
initiated in this way on the side of the coarser crystal 
structure, whereas in only 3 cases did it initiate on the 
finer crystalline side. In the remaining 10 test bars, the 
entire fracture surface was annealed by the upper layers 
of weld metal, so that it also was a fine crystalline 
structure. 
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THE INFLUENCE OF HYDROGEN 


Hydrogen in the molten weld metal is produced by the 
materials in the electrode coating, particularly as a result 
of moisture. In quoting values of hydrogen content, it is 
necessary to know the time elapsing between the welding 
operation and the actual determination of hydrogen, if 
comparable results are to be obtained. Furthermore, the 
rate of evolution of hydrogen from the weld metal 
depends on such factors as the composition of the metal, 
the temperature, and the form in which hydrogen is 
present in the material. The quantity of hydrogen re- 
leased from basic, rutile, and acid types of electrode in 
glycerine at 45°C is shown graphically in Fig. 2. 
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Fig. 2. Evolution of hydrogen from (1) rutile, (2) acid, and (3) basic 


types of electrode. 


In addition, determination of hydrogen was made in 
vacuum, tests being carried out 20 hr after completion of 
welding. The testpieces were held in mercury at room 
temperature, and the amount of hydrogen liberated was 
added to the corresponding value obtained in vacuum. 
The results for the three types of electrode, without heat 
treatment and normalized for 30 min at 900°C, are given 
in Table II. 


TABLE II: EVOLUTION OF HYDROGEN FROM TESTPIECES 








| Hydrogen [cc/100 gm] 


Electrode Type 











No Heat a 
Treatment Normalized 
“Basic 1:8 015 
Rutile 29-4 be 
Acid 1-4 $2 











The normalized testpieces were also used to deter- 
mine the influence of heat treatment on bending fatigue 
strength, and it was found that heat treatment exercises a 
negligible influence in this respect, the bending fatigue 
strength of all three types of electrode being virtually 
unchanged. It should be noted that, in these particular 
tests, the testpieces were allowed to stand for several 
days before initiating fatigue tests and, as will be shown 
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later, there is a difference in fatigue strength between 
bars tested immediately after welding and those tested 
after being allowed to stand for 10 or 20 days. It should 
also be noted that normalizing had no influence on the 
magnitude of scatter in the test results, probably because 
the minute defects in the material, characteristic of weld 
metal, have a predominating influence on fatigue strength, 

It is known that, in static tests, the effect of increased 
quantities of hydrogen is to increase both the UTS and 
the yield point, while elongation and necking decrease, 
If the quantity of hydrogen is sufficiently high, the frag. 
tured surface shows signs of hydrogen flakes after rup. 
ture. On the basis of recent investigations, it is con. 
sidered that an amount of 5 to 10 cc of hydrogen per 100 
grams of weld material is required for such flakes to 
occur. The hydrogen quantities determined in the above 
tests were close to the lower of these two values, or even 
less, except in the case of the material welded with rutile 
electrodes. The quantity of hydrogen was greatest im- 
mediately after welding, but subsequently decreased very 
rapidly with increased standing periods. 

As production of the test bars for the fatigue tests 
took about 4 hr, while testing up to 10? load cycles 
extended over a period of about 20 hr, a considerable 
quantity of hydrogen was able to escape. Moreover, 
machining of the test bars may also have had a contri- 
butory effect in decreasing the hydrogen content. 

The stress level was mainly responsible for the simi- 
larity of the test results with normalized and non-heat- 
treated bars. Ultrasonic investigations, carried out in 
Finland about two years ago in conjunction with tensile- 
rupture tests, showed that the internal cracks caused by 
hydrogen in regions where flakes occur are initiated ata 
stress level about 8 to 10°, below the UTS. Such high 
stress levels are not permissible in practice for dynamic 
loads. This finding is also encouraging in dealing with 
static loads, so that there is no danger of fractures in 
static constructions owing to hydrogen concentration 
at the welds, since normally the design stresses are well 
below the yield point. Hydrogen, however, can cause 
hairline cracks during welding, and these are particularly 
dangerous with dynamic loads. 

As previously stated, hydrogen is released from the 
welded material to an increasing extent during long stand- 
ing periods. This phenomenon is clearly apparent in 
static tests, which give higher values for static rupture 
stress and yield point immediately after completion of 
welding than after a settling period of two to four weeks. 
Elongation at rupture also shows considerable improve- 
ment after an increased period of time. 

The evolution of hydrogen can be accelerated by 
suitable heat treatment. There is a specification, for 
instance, in the proposed international standards for 
welding electrodes which permits treatment for the 
removal of hydrogen before carrying out weld-strength 
tests by heating the test bars for from 6 to 16 hr at 250°C. 
It has already been mentioned, however, in connection 
with normalizing at 900°C, that similar values of bending 
fatigue strength were obtained with heat-treated and non- 
heat-treated test bars. Nevertheless, it was considered of 
interest to perform a further series of tests to determine 
the influence of standing time. 

These tests were made with three makes of acid 
electrode and one make of basic electrode and, to obtain 
comparable results, test bars were taken from the same 
weld material in each case. Altogether, 63 bars were 
tested, after standing for periods of 4 hr, 10 days, and 20 
days after welding. It was found that, particularly with 
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two makes of acid electrode, a standing time of 10 days 
had a beneficial effect on fatigue strength, whereas the 
results were contradictory in the case of the third make 
of acid electrode. For the basic electrodes, standing time 
exerted practically no influence on the fatigue strength 
of the weld material, as was to be expected, since the 
quantity of hydrogen in the weld metal, even immedi- 
ately after welding, was small (1-8 cc/100 gm). Fatigue 
strength ranged from 23 to 27 kg/mm? for the acid elec- 
trodes, and from 32 to 33 kg/mm? for the basic electrodes. 

The improvement in strength from standing time, as 
indicated by these tests, is in conflict with the previous 
results with normalizing. The two types of tests, however, 
are not comparable, since normalizing causes changes in 
crystal structure and reduces the UTS and the yield 
point; moreover, in the previous tests, the standing time 
without normalizing (3 to 4 days) was too long to be dis- 
regarded. 

In the bending fatigue tests with fully reversing stress, 
no flakes were detected on the fractured surfaces. How- 
ever, the tests with pulsating loads, i.e., with cyclic load 
variations always above a minimum stress level, showed 
the presence of these flakes, which were, in fact, unusually 
large in comparison with those noticed with similar 
material in tensile-rupture tests. These tests were made 
with rutile electrodes in a machine suitable for pulsating 
loads up to 50,000 kg, the loading frequency being 375 
cycles per minute. The maximum load was chosen so 
that it would give a stress level about 10°, below the 
yield point of the material, and the minimum stress level 
was kept at 12 kg/mm? in all cases. Half of the test bars 
were heat-treated for 2 hr at 250°C, while the others were 
tested without further treatment after welding. All bars 
of the latter type showed hydrogen flakes on the frac- 
tured surface. 





























20 20mm 20 





Fig. 3. Dimensions of test bar used in tension and compression fatigue 
tests on automatic-welding material. 


The number of load cycles to fracture clearly confirmed 
the influence of the heat treatment, the average figures for 
five test bars of each type being 246,000 load cycles for 
the non-heat-treated material and 435,000 load cycles for 
the heat-treated material. Whether the large flakes 
obtained in these tests were due to the low frequency of 
load application or to the type of load applied is a matter 
which remains unexplained for the time being. It should 
be noted, however, that Erdmann-Jesnitzer! reported 
this same phenomenon in 1956. Moreover, the pulsating- 
load tests indicated a relationship between the size of the 
hydrogen flakes and the loading frequency. 


COMPARISON OF BENDING FATIGUE TESTS AND TENSILE 
AND COMPRESSION TESTS 


Alternating tensile and compressive loads are rightly 
regarded as most suitable for deriving characteristic 
values for welded constructions. This type of loading is 
also recommended by the International Institute of 
Welding. 

For rolled steels, a value of 0-7 for the ratio of fatigue 
JANUARY, 


i9s9 Volume 20, No. | 


strength in tension and compression to bending fatigue 
strength is yenerally valid, and it was decided to investi- 
gate whether a corresponding ratio might apply for pure 
weld material. Tests were made with material obtained 
by an automatic welding process (Unionmelt) and by 
manual welding. For weld metal obtained by the auto- 
matic welding process, the bending fatigue strength was 
determined as 30 kg/mm? at 10’ load cycles, using test 
bars of the type shown in Fig. 1. The tension and com- 
pression fatigue strength, determined by means of a 
specially built pulsator and using test bars of the dimen- 
sions given in Fig. 3, was 21 kg/mm2. This gives a ratio 
of 21/30 = 0-7. 


55 
127mm 





Fig. 4. Dimensions of test bar used in tension and compression fatigue 
tests on basic manual-welding material. 

The weld material obtained by manual welding was 
produced with a basic electrode, and its bending fatigue 
strength was determined as 32 kg/mm?. Its tension and 
compression strength, using test bars of the dimensions 
given in Fig. 4, was 21 kg/mm*. The ratio is therefore 
21/32 = 0-66. It may be noted that Salokangas? also 
investigated manually welded material obtained with a 
basic electrode, and found, on the basis of 107 load cycles, 
a value for this ratio of 0-69. 


CONCLUSIONS 


The tests showed that the bending fatigue strength of 
pure weld metals is about 70% to 80% of the yield point, 
and that the fatigue strength in alternating tension and 
compression is about 70%, of the bending fatigue strength. 

The weld surface in welded constructions is not 
generally machined, and the weld metal is always mixed 
with parent metal. Consequently, a quality classification 
based on ground test-bar results will not be representative 
for manually welded constructions. Becker and Rieger® 
found that test bars made from basic electrodes had 
the best dynamic strength. However, if the test bars are 
not ground, these electrodes are not as good as the other 
types. If a longitudinal section of a welding run obtained 
with an acid electrode is compared with another obtained 
with a basic electrode, the sharper contour lines of the 
latter are clearly visible. 

Hydrogen in the weld material, which has been a 
subject of considerable interest in the last decade, causes a 
reduction in the strength of constructions subjected to 
dynamic loads, if loading begins immediately after weld- 
ing. If a fairly long period is allowed for the material to 
stand in the unloaded condition, hydrogen has no influ- 
ence on the strength of the weld. Improved results are 
obtained by allowing a standing period after completing 
the welding and by annealing at low temperatures (250°C 
approximately). 


REFERENCES 


(1) ERDMANN-JESNITZER, H. KLAAS, and S. MULLER: “‘ Extrem grosse 
Fleckenbildung in davermugschwellenbeanspruchten Schweiss- 
verbindungen unlegierter Kohlenstoffstahle”’; Schweisstechnik, 
Vol. 6, No. 5, 1956. 


(2) J. SALOKANGAS : ‘‘ Ein Verfahren zur Bestimmung der mechani- 
schen Hystereseschleife des Stahls bei grossen dynamischen 
Zug und ee *”’: Helsinki, Dissertation, 1956. 

(3) A. NEUMANN: “ Dauerfestigkeit der Schweissverbindungen ”’ ; 
Schweisstechnik, Vol. 3, No. 8 3. 


47 





Unresolved Problems of Fluid Mechanics 
By S. J. Kiine and R. C. Dean, Jr. (From Mechanical Engineering, Vol. 80, No. 12, December 1958, pp. 54-55) 


IN 1955, the Executive Committee of the Hydraulics 
Division of the American Society of Mechanical Engin- 
eers created a new subcommittee, whose objectives have 
been to encourage the application of empirical knowledge 
to the design of mechanical-engineering devices, to search 
out and define unresolved problems, to assess which pro- 
blems are of most importance to engineers, and to 
encourage research toward solutions. 

As a first step towards a definition of the important 
fluid-mechanics research problems, a survey of industry, 
government, and university personnel in both research 
and design was conducted. In this article, the authors 
present their conclusions, drawn from the survey and 
from their own experience. 

In almost all engineering work, prediction of optimum 
design under prespecified conditions and for a given 
purpose is the ultimate goal. However, in many com- 
mon problems, it is frequently found impossible even to 
predict overall behaviour in a general or qualitative sense 
with any reasonable degree of assurance. It is in such 
areas that research work is particularly needed. Also, it 
should be noted that, in the large majority of engineering 
applications, fluid motion occurs inside a passage, the 
shape of which is usually complex and often in motion, 
thereby aggravating the difficulties, since available 
analytical methods are often poorly suited to such con- 
figurations. 

The results of the survey made by the Fluid Mech- 
anics subcommittee suggest that two general types of 
unsolved problems are currently of most concern to 
mechanical engineers. The first, and apparently by far 
the most common, is stall or flow separation and its 
associated transient effects. Next appears to be two- 
phase flow, i.e., flow in chemically reacting systems and 
other areas, where the flow is not composed of a single 
simple substance. 

While the sample size in the survey was not large, a 
conscientious effort was made to obtain a broad and 
representative sample. Consequently, the extreme pre- 
ponderance of answers on the one topic forms a clear 
indication that prediction of the onset and behaviour of 
flow separation and its associated transient effects is a 
central need. 

It is difficult to say anything regarding profitable 
approaches to the solution of this difficult problem. 
Flow separation is, of course, not a new phenomenon; 
many attempts have been made, particularly by aero- 
nautical engineers, to correlate or predict stall results, 
primarily using boundary-layer theory. To date, none 
of these attempts has been truly successful, and recent 
research reveals that present-day boundary-layer theory 
by itself is probably not able to solve this problem. In 
addition, available evidence also suggests that the separ- 
ation characteristics of channels are, at least in stability, 
inherently different from those of aerofoils, where most 
work has been done. Thus, it appears that it is necessary 
to re-examine the bases of this problem. 


Basic APPROACHES TO DESIGN PROBLEMS 


For design problems involving fluid mechanics, four 
basic approaches are possible, i.e., (1) to calculate every- 
thing based on the theory of real fluids, (2) to measure 
everything for each application, (3) to measure for typical 
applications and attempt to correlate the results, and (4) 
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to observe typical basic elements, preferably over a wide 
range of conditions, and construct a suitable approximate 
theory on the models found. As the history of fluid 
mechanics has repeatedly shown, approach No. | is nota 
feasible solution, since the equations involved are too 
difficult, while approach No. 2 is clearly impractical, 
Approaches No. 3 and 4 therefore appear to be useful 
and promising. 

As both recent research and the history of fluid 
mechanics also show, the fundamental reason for the 
important role of systematic observations and the form 
ation of simple models based thereon is the recurrent 
stability problems occurring in viscous-fluid motion. By 
definition, the actual flow pattern found in nature is 
the stable pattern for the conditions imposed. Since it is 
not possible to calculate the stable-flow pattern in viscous 
flow, it must almost always be determined by obsery- 
ation. This appears obvious, but it might be well to recall 
that no one has yet taken the trouble to perform system. 
atic visualization observations of so common a configur- 
ation as a sudden expansion and, as a result, no criterion 
exists to predict whether a particular expansion will act 
as a shedding wake or as a steady, fully developed stall, 
These two régimes are very different, both in steadiness 
and in regard to losses. This is by no means an isolated 
example; many more could be cited. 

It is also helpful to examine cases where the problem 
has been made manageable by past research work, 
examples being flow over a subsonic aerofoil, and fully 
established flow in a round tube. In both of these com- 
paratively simple situations, a very important, if not key, 
part of present-day manageability arises from informa- 
tion of a certain specific type—experimental knowledge 
of the overall stable-flow pattern. 

In the case of the aerofoil, this takes the form of the 
Kutta condition, with data showing the limits of angle 
of attack for which this condition will hold true. In the 
case of tube flow, it takes the form of the Stanton-Pannell 
plot, showing the laminar, turbulent, and rough zones, 
with the intermediate transitions as a function of Reynolds 
number and relative roughness. In both instances, no 
theory is available that will replace this essential inform- 
ation. When the type of flow pattern which is the stable 
one that will actually be found under given conditions 
is known, then the way is cleared to apply exact or 
approximate theories for prediction. 

Returning to the central problem of passage flow, it 
would appear that the missing information in many 
important geometries is knowledge of the stable-flow 
pattern. This is fully borne out by recent work ona 
number of geometries, including disc flows, simple 
diffusers, and cascades. It now appears that some of these 
problems are not as unmanageable as has been thought, 
and the method of attack to which they yield is fairly 
clear. 

The method of attack commences with systematic 
investigation of the stability problems of the given geo- 
metry, preferably including visualization studies. Only 
after this is done does it proceed to theories of prediction. 
This method of attack implies that in many situations 
it is necessary to augment the classical modes of analysis, 
which are based solely on two-dimensional and three 
dimensional steady-boundary-layer theory. It must also 

(Concluded on page 57) 
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The broad principles involved in the use of 
induction heating for melting and processing 
metals have already been dealt with in this series 
(Data Sheet No. 2). In order to make a critical 
examination of its possibilities, however, the 
potential user should be aware of certain techni- 
cal factors which must influence his decisions. 

Induction heating, of course, demands the 
use of alternating current which is available from 
the public supply at a frequency of 50 cycles per 
second. Higher frequencies, however, are 
desirable for certain applications and can be 
obtained by means of the appropriate conversion 
equipment. Frequencies can therefore be 
considered in three categories. 
Mains Frequency 

(direct from mains)— 50 c.p.s. 
Medium Frequency 

(machine generator) —50-—10,000 c.p.s. 
High Frequency (electronic generator) 

—up to about 2,000,000 c.p.s. 
Mains Frequency 
This needs no conversion equipment, it is parti- 
cularly suitable for melting large pieces of scrap 
and, owing to the vigorous stirring forces pro- 
duced, is excellent for alloy making. It has the 
merit of low initial cost compared with the high 
frequency method of melting, but is not so 
suitable for the production of high-grade steel. 
Mains frequency induction heating is also useful 
for stress-relieving of welds in pipes and vessels, 
heating of chemical vessels, pipelines, injection 
moulding machines and press platens. 

A typical example of the use of mains fre- 
quency is the coreless induction melting furnace 
which can be connected direct to the public 
3-phase supply. Such a furnace rated at 120kW, 
with a holding capacity of 2,240 lb. will give a 
throughput of 5,000 Ib. per hour of hot cupola 
metal superheated from 1,350°C to 1,450°C. 
Medium Frequency 
Motor generators ranging from 10kW to 1,500kW 
or more at frequencies up to about 10,000 c.p.s. 
are widely used for heating for forging, melting 
from 100 lb. to 10 tons, hardening, annealing, 
etc. A bank of capacitors maintains a high power 
factor during the heating cycle. 
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Another form of generator for frequencies of 
I to 2 kc.p.s. and powers around 250 kW, useful 
for forge heating and melting high temperature 
aircraft alloys, is a 6-anode steel tank mercury 
arc inverter. 








High Frequency 
Metal hardening and metallurgical processing 
are best handled by high frequency induction 


Data Shee NO. 3 


(up to about 2,000,000 c.p.s.), particularly when a 
very thin case is required or when the section of 
the workpiece is too small to heat satisfactorily 
at medium frequency. These high frequencies 
are produced either by an electronic h-f. 
generator or a mercury-gap h.f. generator; high 
frequency induction can deal efficiently with 
such jobs as hardening lawnmower cylinders and 
cutters, bars and axle shafts. 


The choice of frequency depends upon the 
metallurgical requirements and the size of the 
component to be treated. The following table 
gives the practical relationship between size and 
frequency, and may be used as a guide to the 
choice of generator, subject to metallurgical 
considerations. 

Optimum Values 

3,000 10,030 


FREQUENCY C.P.S. $00,000 2,000,000 





MIN. DEPTH 
OF HARDNESS 
POSSIBLE 


.060 in. 040 in. .020 in.  .010in 


Practical Values 


MIN. DEPTH 150- | .100 030- | 


O1S 
HARDNESS > A 50 | 5 | : 
EXPECTED .200 in.| .150 in.| .05J in. | .030 in 


MIN. DIA. SURFACE | 5, 
HARDENING Ps 
THIN CASE 
MIN. DIA. SURFACE | 5. 
HARDENING = 
DE!P CASE 





not 
suitable 











MIN. DIA. THROUGH] 1” 1” to 3” | ___ not 
HARDENING | over . 


I” to 2” 
es | Suitable 
| 





These are of course very approximate since they 
also depend on metallurgical considerations. 


Power required for H.F. Induction Hardening 
The high frequency power required per sq. in. 
of hardened surface depends upon the amount of 
metal behind the surface. Higher powers and 
shorter heating cycles are necessary for thin 
cases and when the thickness of metal behind 
the surface is small. 


00000 em 

0.03” to 0.04” requires 8 

I sec. or less at 10 kW or 
more per sq. in. 


™EP COCO 0O mm00000 





ws es OL to 0.2” with a large 
“¢:..s: mass of metal behind the 






CO0O000 & 


Through hardening requires 
10-12 kWh per Ib. 


your Electricity Board or write direct to the | 
Electrical Development Association. Ex- 
cellent reference books (8/6, or 9/- post | 
free) are available on electricity and | 
productivity—‘‘Induction & Dielectric 
Heating” is an example. | 

E.D.A. also have available on free loan a | 
series of films on the industrial use of 
electricity. Ask for a catalogue. | 


Issued by the Electrical Development Association, 
2 Savoy Hill, London, W.C.2. 6515 2_| 
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8000-lb Forging Manipulator 


Under a licence agreement with Salem Brosius, 
US.A., the Head Wrightson Machine Co. Ltd., a sub- 
sidiary of Head Wrightson & Co. Ltd., of London, 
s.W.1, have just completed the manufacture of an 
9000-Ib capacity forging manipulator, which is being 
supplied to France. The manipulator, which was recently 
demonstrated at Thornaby-on-Tees, is designed to handle 
rounds or squares from a minimum of 44 in. to a maxi- 
mum of 24 in., and is intended for use in the forging of 
locomotive axles. 

Provision is made for a complete side movement to 
the work-head, up to a maximum of 12 in. each side of 
the centre-line of the machine ; where multi-impression 
die-work is concerned, this is a very important feature, as 
itenables pieces to be transferred across the dies without 
the necessity of moving the whole machine. Close 
attention has been given to the vertical and horizontal 
shock-absorbing features. Continuous or intermittent 
rotation is provided for the peel, and it can be tilted in 
the up or down direction, enabling it to pick up pieces 
from the floor. A slipping coupling is fitted to this drive, 
to prevent damage to the motor during forging opera- 
tions. 

Hydraulic power for all motions of the machine is 
provided by two pumps. One of these pumps, of the auto- 
matic variable-delivery type, is used to operate the steer- 
ing and the traction motor up to approximately one- 
quarter full speed, while the other pump, of the fixed- 
delivery type, is used to power all the head motions, the 
top speed of the traction motor, and the hydraulic brakes. 
Provision is made to off-load this pump automatically 
through an unloading valve when pressure is reached in 
the system, and it is therefore not running under full load 
for long periods. 





With the exception of the brake valve, which is 
mounted under the brake foot-pedal, all control valves 
are grouped together in a single compact unit. The 
traction valves have been modified to operate from foot- 
pedals, thus leaving the operator's hands free for working 


the head-positioning valves. Proportional steering is 
obtained by means of a feedback from the steering 
gears to the steering-valve tail-shaft. This closes the 
steering valve after the rear wheel has rotated the neces- 
sary amount, so that the position of the rear wheel is at 
all times relative to the position of the steering wheel. 

A header tank behind the operator’s seat maintains a 
head on the pumps, helping to eliminate possible trouble 
JANUARY, 
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from air entering the suction lines. A valve is provided 
to shut off this head when the filters require cleaning. In 
order to simplify the brake system, the brake seals are 
made of a synthetic rubber suitable for operation with 
the main hydraulic oil, the necessary pressure for brake 
operation being obtained from an intensifier. 

All head motions are operated by hand valves 
mounted on a console-type control unit and situated in a 
convenient position for ease of operation. Traction is 
controlled by two foot-pedals, one for low speed, and 
both together for maximum speed. This method, to- 
gether with the use of large hydraulic brakes, achieves a 
very fine inching control, which is useful for precise 
longitudinal positioning of the workpiece. Both traction 
pedals have a “ heel-and-toe *’ rocking motion for for- 
ward and reverse directions of travel respectively. 

This particular machine is powered by a Perkins L4 
diesel engine, governed at 1800 rpm and developing 50 hp, 
but, if desired, an electric motor, with a cable-reel and 
slipring attachment, could be used. 


Vertical-Roller Coal Dryer 


An agreement with W. C. Holmes & Co. Ltd. for the 
manufacture and installation of the Conreur vertical- 
roller coal dryer has recently been completed by Neldco 
Processes Ltd., of Ashford, Middlesex, who are to market 
this unit in the U.K. under licence from the original 
French manufacturers, Conreur Ledent & Cie. 

The Conreur dryer, which is of sturdy construction 
and which operates on the counter-current principle, 
consists of a steel tower, divided into sections lined with 
refractory brickwork. Each section is fitted with two 
cast-iron rollers, mounted in heat-resisting bearings and 
driven at a low speed from outside the dryer by a con- 

: tinuous sprocket chain. Power consumption 
is extremely low, a dryer with a capacity of 
25 tons per hour requiring only 5 hp. The 
interior of the tower is fitted with cast-iron 
baffles designed to direct the hot gases through 
the dryer with a minimum of resistance. 

The hopper at the top of the dryer is 
fitted with a feeder which discharges a thin 
ribbon of wet coal over the full width of the 
first roller. This discharges onto subsequent 
rollers, which move in opposite directions, 
thus forming a curtain of coal which falls 
uniformly from roller to roller until it 
reaches the bottom bin, from which it is 
discharged continuously. The hot gases, 
produced by any suitable furnace, using any 
type of fuel, enter the dryer at the base and 
rise through the descending coal. The baffles 
in the dryer and the arrangement of rollers 
compel the gases to pass through the coal 
curtain several times, ensuring intimate 
counter-current contact between all the gas and the feed. 
As a result, coal particles are separated and dried at a speed 
greatly in excess of that possible with other types of dryers. 

The amount of dust discharged from this type of 
dryer is substantially less than that from other types, as 
the upper stages of the wet ribbon of coal filter the gases 
before they leave the dryer. It is, of course, always 
necessary to have some dust-collecting equipment, but 
its size can be comparatively small. A special feature 
of the dryer is its ease of control. Final moisture content 
can be held within close limits, and no recirculation of 
dried products is necessary, while maintenance is ex- 
tremely low. 
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Vertical-Spindle Surface-Grinding 
Machines 


Designed for heavy-duty conditions, with as little 
maintenance as possible, the first of a range of production 
grinding machines, the VG.2 vertical-spindle surface 
grinder, is now being marketed by British Northrop 
Limited, of Blackburn. To obtain maximum rigidity, the 
machine beds are cast in one piece, particular attention 
being given to ensure the complete absence of unwelcome 
stress points. The hydraulic controls are to Northrop 
design, and emphasis has been placed on units of rugged, 
yet simple, construction, in order to meet the demands 
of regular working conditions. 

In these grinders, the table working surface is 30 « 12 
in., with a longitudinal traverse of 45 in. The maximum 
distance between wheel and table is 12 in. An excellent 
surface finish is obtained (6 to 8 micro-inches, if required) 
under regular working conditions. The vertical spindle is 
housed in precision taper bearings and is compensated 
automatically for wear and for varying temperature 





conditions. The grinding head has six segments as a 
normal complement but, in actual practice, three seg- 
ments only may often be used. There is a double down- 
feed, so that, with the reciprocating table, feed is applied 
at each reversal, making for a high rate of stock removal, 
coupled with efficient usage of the abrasive. 


Conveyor Oven for Electric Motors 


Specially designed for drying out moisture from the 
field-coils of electric motors, a new electrically heated 
conveyor oven with forced-air circulation for close 
temperature control has been produced by Hedin Ltd., 
of London, E.18. A special feature of the oven is a 
varnish pumping system which automatically applies 
varnish to the heated coils. In addition, special attention 
has been given to maintenance. Thus, the heaters are 
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removable, the drive unit and control circuit are easily 
accessible, and the oven roof is sectional and can be 
removed. 

The coils are carried through the oven by an electric- 
ally driven monorail conveyor. For effective temperature 
control, the oven is divided into a heating zone and a 
soaking zone, each of which is separately controlled by 
a mercury-in-steel temperature controller, while five 
centrifugal fans ensure ample air circulation. The con- 
veyor comprises an endless chain carried on rollers in a 
steel track and equipped with a variable-speed drive, a 
protecting shear-pin in the drive sprocket, and a special 
tension unit to take up chain stretch and thermal ex- 
pansion. 


Sintered Ceramic Fine-Grinding 
Tools 


Manufactured in Germany by Degussa, of Frankfurt, 
and marketed in the U.K. by F. S. Bayley, Clanahan & 
Co. Ltd., of Manchester, ** Degussit”’ fine-grinding 
tools, well known in Europe, though relatively unknown 
in Great Britain, differ essentially in their structure from 
bonded grinding materials, the material in this case being 
a sintered oxide ceramic, or more precisely a_poly- 
crystalline ruby material. In fact, there is no bonding at 
all, the material being a solid, almost fused, mass. As 
the breaking-off action of small crystals of bonded mater- 
ial is eliminated, a greater stability of shape is obtained, 
so that it is safe to use these tools for repetitive work over 
long periods. In addition, owing to their extreme hard- 
ness, these tools make it possible to work most steels and 
hard metals and to obtain very high accuracy in the 
final grinding or mirror-finishing of hardened steels. 

Degussit fine-grinding tools are available in four 
different finishes, i.e., 44 fine and medium, and 251 
medium and coarse, and in a variety of shapes, including 
straight-edged wheels, profile wheels, grinding rings and 
cylinders, grinding rollers, cup wheels, and burnishing 
wheels. Special stones are manufactured for the honing 
of reamers, and there is also a range of mounted points. 
In addition, a very large range of files of different shapes 
and sizes is available, together with a range of whetstones, 
including normal-type flat whetstones. 


Single-Chamber Metal-Washing 
and Processing Machines 


A new type of metal-washing machine, manufactured 
in Germany by Wilhelm Wache G.m.b.H., of Hamburg, 
has been introduced by I.F.A. Engineering Co. Ltd., of 
London, W.1, sole agents in the U.K. for Wache plant for 
the surface treatment of metals. This machine, although 
consisting of only one chamber, performs the work of a 
plant of two or three chambers and, using the spray 
method, is suitable for the pickling, degreasing, and phos- 
phating of all metal components. As a result, a consider- 
able saving in floor space is obtained, with a marked 
degree of economy in operation, even on small pro- 
duction. Other advantages include automatic control of 
the sequence of operations, oscillation of components 
during treatment, and the elimination of carry-over of 
liquids. 

The machine, which is fully enclosed, incorporates a 
wire basket for containing the work to be treated, this 
basket being inserted into the spray chamber and the 
door closed by hand. Closure of the door starts a stop- 
clock, initiating a preset working sequence by switching 
on the degreasing or treatment pump and the rocking 
gear for oscillating the basket. At the end of the set 
period, this pump is switched off, and a tipping plate is 
positioned for the return of the liquid to its particular 
tank. The next pump then starts up, and the operation 
is repeated twice more. When all these operations are 
completed, a signal light is switched on automatically, 
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“FARRAPAC’? 
the NEW Packaged Boiler 





‘“FARRAPAC ”’ boilers are of the triple gas pass type combining the better features of conven- 
tional economic and packaged type units. 

The illustration shows that the ** FARRAPAC "’ is mounted on its own chassis. The wiring, piping, 
lagging, finishing and finally steam testing are all done in the maker’s factory. No special founda- 
tions are needed—simply a level floor capable of supporting the weight applied. If required, a 
condense tank with a motor-driven water feed pump is included. The pump is fully automatic and 
its pipework, and wiring to the controlling panel are all carried out and ready for immediate opera- 
tion on delivery. 


CROSS-TUBE VERTICAL BOILERS 
VERTICAL MULTI-TUBULAR BOILERS 


THE FARRAR BOILERWORKS LTD. 


NEWARK NOTTS. 
TELEPHONES : NEWARK 1143-4-5 
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indicating that the treatment of the work is finished 
and that it is now ready for removal from the spray 
chamber. 

These machines are available in three different sizes, 
with treatment-tank capacities of 132, 165, and 185 gal 
respectively. Two or three thermometers, each with a 
range between 0 and 120°C, are fitted to each machine to 
check and control the temperature of both the treatment 
solution and the hot-water rinse. 


Special-Purpose Precision 
Grinding Machine 


Based on their standard model 1014 universal tool- 
room grinding machine, the ‘** Jones-Shipman ”’ special- 
purpose grinding machine produced by A. A. Jones & 
Shipman Limited, of Leicester, is intended for the grind- 
ing of aircraft wing sections. The machine bed, back- 
slide, and lower portions of the wheelhead column are 





similar to those of the model 1014, but the machine 
Incorporates an extra-wide table underslide to support 
the table over the wide angles of swivel required, a corres- 
ponding extension in the width of the Vee and flat on the 
bed, and a wheelhead arranged to swivel in two planes 
and fitted with an oscillating movement. The automatic 
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traverse and reverse panel normally fitted is omitted 
instead, on the front of the bed is mounted a bracket 
carrying a roller chain for supporting the extra-wide 
table underslide, which is supported in the normal Vee 
on the bed at the rear and the roller chain at the front. 
The workhead and tailstock normally fitted are also 
omitted. Hand-traverse reduction gears and a support 
for the cross-feed handwheel are incorporated in the 
front bed bracket. 

The upper portion of the wheelhead is of special 
design, the spindle unit being directly motor-driven from 
a rotor-stator unit running on ball bearings and carrying 
a cup-type grinding wheel on the front end. The wheel- 
spindle unit is mounted on a circular pillar and is capable 
of swivelling on its axis, while the bracket supporting the 
pillar is carried on a trunnion in the horizontal plane, also 
capable of swivelling on its axis, so that the wheel- 
spindle can be adjustable in both the horizontal and 
vertical planes. The circular pillar carrying the wheel- 
spindle is arranged to oscillate, the stroke being variable 
from zero to a maximum of 23 in. at a rate of 50 oscilla- 
tions per minute. The vertical adjustment of the wheel- 
head gives a maximum distance of 134 in. and a mini- 
mum of 5 in. between the spindle centre and the top of 
the work-table. The vertical feed of the wheelhead is } in. 
per revolution of the elevating handwheel. 


Special-Purpose Groove and Roll 
Hardness Tester 


Designed to facilitate the hardness testing of parts in 
places which would normally be inaccessible, an entirely 
new version of the ‘* Penetrascope”’ hardness tester, 
announced by the Industrial Instruments Division of 
Ingersoll Locks Ltd., of London, E.C.2, is particularly 
suitable for the testing of grooved or barrelled rolling- 
mill rolls of diameters from 5 in. upwards. Tests can be 
made in grooves of 2 in. width or more and to a depth of 
7 in. The instrument, designated the special-purpose 
groove and roll Penetrascope hardness tester, is also 
well-suited for use on flat surfaces which normally are 
difficult to test for hardness, such as the machine-beds of 
lathes, etc. 

The unit is supplied with a basic Penetrascope body, 
which has all the accuracy of the standard instrument and 
enables diamond pyramid hardness tests to be taken with 
loads of up to 30 kg. The main feature of the new unit is 
a specially designed magnetic clamp having four pole- 
pieces, two of which are fixed and two movable, enabling 
the clamp to be adjusted to any diameter or to be used 
on any flat surface. The clamp and pole-pieces are so 
constructed that they may be inserted into a groove of 
2 in. or above. When the power is switched on and the 
clamp presented, for example, to a roll, the movable 
magnets adjust themselves to the diameter of the piece 
under test and can then be locked into position by the 
operator. In this way, the magnets are positioned to 
accord with the profile of the testpiece. The pole-pieces 
are detachable, so that alternatively shaped pole-pieces 
can be fitted and used for special applications. A parti- 
cular feature of this new clamping device is that tests 
may be carried out on site and, where it is used for roll 
testing, the rolls may be tested singly or in their stacks. 
To enable tests to be made on non-ferrous metals, a 
chain clamp can also be provided. 

The range of hardness covered is from 150 to 1100 
D.P.H. Use is made of pyramidal diamond identers, and 
the instrument can also be provided with I-mm and 2- 
mm steel balls. The load is applied manually through a 
hydraulic thrust unit, calibrated with dead weights to 
ensure absolute accuracy. The load-recording dial is 
graduated in units of | kg from zero to 30 kg. The 
instrument has a 3}-in. objective and indenter, fitted to a 
sliding turret remotely controlled from the body of the 
instrument to facilitate testing in awkward places. 
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Who buys tool bits BD ses 


for your shop? 





Here are some things 
he should Kknow.... 


No tool bits can be better than the steel they’re ) 
made from 


‘Eclipse’ tool bits are made from H3 cobalt high speed steel, 
melted, heat treated and finished under one control to strict 
and rigid standards of quality. That’s why the consistent 


performance of ‘ Eclipse’ tool bits can be guaranteed. 


Cheap tool bits can mean dearer production costs | 
When you buy tool bits you buy cutting capacity and it pays 
to buy the best. ‘Eclipse’ tool bits keep keen cutting longer 


than inferior tools — (reducing time out for regrinds and 





increasing production. ) 





Tool bit holders can help with production too 
‘Eclipse’ tool bit holders have been specially developed to get 
the very best from ‘Eclipse’ tool bits. They have a patent 
clamp, adjustable to variation of tool bit size which holds\the 


tool absolutely rigid eliminating any tendency to “‘chatter.”} 7 


‘Eclipse’ tool bits and tool bit holders are the ideal cutting ‘combination 


TOOL BITS 


specify 





/ 
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Measurement of the impression is made by means of a 
Penetrascope optical indicating micrometer, accuracy of 
measurement being guaranteed to within 0-001 mm. 
A test block is supplied to enable the instrument to be 
readily checked for accuracy. Variations due to chang- 
ing atmospheric conditions will not affect accuracy, as a 
special zeroing mechanism is provided. The body of the 
Penetrascope is positioned for test purposes in a Vee 
slide which forms part of the magnet clamp. 


Fountain-Pen Type of Pocket 
Radiation Dosimeter 


As announced by the sole agents in the U.K. (Radi- 
atron, of Richmond, Surrey), the ‘* Condiognom ” 
manufactured in Germany by P.T.W., of Freiburg, is a 
new kind of pocket radiation dosimeter for the protection 
of personnel who come into regular contact with ionizing 
radiation in the course of their duties. The basic feature 
of the device is that it is entirely independent of the 
measuring unit, reading being effected at a central point 
by means of a combined charging and measuring unit. 





The Cantina essentially consists of two distinct 
condenser chambers which are screwed together to form 
a single light unit of the approximate size of a fountain- 
pen and which are provided with a clip and are not 
separated except for charging and measuring. One 
chamber is larger than the other, and each chamber is 
hermetically sealed and operates independently, the 
measuring range of the larger chamber being from 0 to 
100 milliroentgens and of the smaller chamber 0 to 1000 
milliroentgens. Thus, the range of the larger chamber 
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adequately covers the maximum permissible daily dose 
for persuiunel engaged in radioactive work, while the 
range of the smaller chamber caters for any quantities 
of radiation received when the larger chamber is ex- 
hausted. In this way, the unit permits not only a survey 
of the normal radiation dose received by personnel but 
also measurement of the extent of an occasional overdose. 

The principle of operation is extremely simple:— 
Before being issued to personnel, the two chambers are 
electrically charged separately by the combined charging 
and measuring unit. lJonizing radiation partially dis- 
charges each chamber, and the loss in charge is subse- 
quently determined by measuring the chamber voltage, 
which is indicated on a meter directly in milliroentgens. 


Variable-Speed Drilling Machine 
with Quick-Change Chuck 


By incorporating an infinitely variable speed drive 
between the motor pulley and spindle and a special quick- 
change drill chuck, the ‘“ Tornado” drilling machine, 
recently developed by Cooper Bros. (Stockport) Ltd., of 
Stockport, makes it unnecessary to the stop the machine 
for either speed changing or drill changing during the 
whole of a working shift. 





The drilling machine itself is of the hand-fed, sensitive 
type and is of conventional construction, with the excep- 
tion of the infinitely variable speed drive, giving a range 
of speeds between 330 and 3300 rpm, and a direct- 
reading scale calibrated to 18 direct readings. Speed 
changing in effected by moving a lever, the speeds being 
automatically indicated on an eye-level scale by means of 
a moving window or aperture. The lever is held in 
position by a friction pad acting on a plain machined 
surface. If it is desired to hold the required drill speed 
for long periods where only one drill is being used con- 
stantly, a screw is provided for locking the friction pad. A 
particular advantage of this system is that the optimum 
speed of any particular size of drill can be arrived at by 
increasing and decreasing the speed during drilling oper- 
ations, as the correct speed can easily be sensed via the 
sensitive hand-fed lever and registered on the scale. The 
machine, which has a capacity of 4 in., is available in 
three versions, i.e., as a bench-mounted unit, a floor- 
mounted unit, and a pillar unit on a box base. 

The quick-change chuck enables drills to be changed 
rapidly and simply without stopping the machine and is 
capable of accepting both parallel-shank and _ taper- 
shank drills, using a range of six special adaptors and 
spring collets to cover all sizes in the range from } to 
4 in., including metric, letter, and number sizes. 
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This AUSTINLITE 
Rotary Switch 


. . was developed to do a special job—the 


multicircuit and sequential switching of 






currents up to 60 amperes. There are similar ihe 
rotary switches for 10, 15 and 30 amperes. 3 


Amongst other Austinlite solutions to problems are the 
10 way-and-off Rotary; the Marginal Relay; the 
Automatic Series Regulator for voltage control; and 
the ‘no-break’ power plants and their control switchgear. 


If you have a problem in 


electrical equipment 


AUSTINLITE LIMITED - CRAWLEY - SUSSEX - LONDON OFFICE, 28 ST. JAMES’S SQUARE -: S.W1 
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Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
Subscribers may obtain photostat copies of all original articles at cost. 
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The Compression of Bonded Rubber Blocks. 
By A. N. Gent and P. B. LiInDLEy. (From an advance 


copy of a paper received from The Institution of 


Mechanical Engineers, London, December 1958, 9 
pages, 6 illustrations.) 
Tue widespread use of rubber components in structures 
and machines makes it highly desirable to obtain an 
exact knowledge of the elastic behaviour, so that rational, 
and efficient usage is possible. In principle, load-de- 
formation relations can be predicted for all types of 
deformation, but in practice two difficulties arise, as 


follows: 


(1) For complex deformations, the mathematical 
analysis may prove intractable. The deformation 
caused by compressing a rubber block between two 
parallel rigid plates to which it adheres is an 
example of this kind. However, load-deflection 
relations which are valid for small deformations 
and are useful guides to behaviour under moder- 
ately large deformations may often be obtained by 
means of the classical theory of elasticity. 

Large quantities of various fillers (e.g., carbon 
black) are often added to the rubber compound in 
order to obtain stiffer, stronger, or cheaper vulcan- 
izates. The load-deformation behaviour becomes 
less perfectly elastic, and thixotropic effects may be 
encountered. 

In this paper, experimental measurements are de- 
scribed of the load-deflection relations for rubber blocks 
having a wide range of thicknesses and for varied shapes 
of cross-section. An approximate theoretical treatment is 
presented for classically small compressions of circular 
discs and infinitely long rectangular bars. The measured 
stiffnesses for small compressions are shown to be in good 
agreement with the theoretical predictions for a vulcan- 
izate containing no carbon black, and, when an empiric- 
ally obtained modification is made for thixotropic 
effects, for vulcanizates containing various quantities of 
carbon black. The behaviour under moderately large 
compressions is also examined. 


(? 
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Plastic Design of Thick-Walled Pressure Vessels. 

By J. MARIN and F. P. J. Rimrott. (From The Welding 
Journal, U.S.A., Vol. 37, No. 12, December 1958, 
pp. 570s—576s, 9 illustrations.) 

THE wall thickness of pressure vessels is usually deter- 
mined on a basis of theories and methods which consider 
the yield or ultimate strength in simple tension. This 
paper gives a critical review of the theories used for the 
design of thick-walled cylindrical pressure vessels. An 
evaluation of experimental results shows that much of the 
data is incomplete and cannot be used to determine the 
accuracy of the theories. 

In some cases, comparison of the test data with the 
available theories shows poor agreement between 
theoretical and actual values. In other cases, the theories 
are unsatisfactory because they are either empirical in 
nature, because they have an unsound theoretical basis, 
or because the assumptions on which they are based are 
Incorrect. For these reasons, a new theory has been 
developed, which considers the plastic range of the 
material and determines the maximum or instability 
internal pressure that can be applied to a thick-walled 
cylindrical vessels closed at the ends. Based on this 
Pressure, a design relation is obtained for the determin- 
ation of the wall thickness. 

The theory proposed differs from most other plasticity 
1es9 
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theories, since it is based on the true stress-strain tension 
relation of the material. It differs from all the other 
theories in considering that finite or large strains are 
produced. Furthermore, the new theory assumes an 
analytical tension stress-strain relation, thereby elimin- 
ating the time-consuming procedure of numerical or 
graphical integration required by some of the other 
theories proposed. A comparison of the maximum 
pressure, as defined by the theory, with test results shows 
that it is in approximate agreement with these test data. 

The proposed theory is in as good agreement with test 
data as any of the other theories, and it has the merit 
that it is based on sounder assumptions than those used 
in other theories. In order to provide a theory which can 
be easily applied by the designer, an approximate design 
formula, developed in this paper, is based on the proposed 
theory. 

The Deltic Locomotive. 

By C. M. Cock. (From an advance copy of a paper 
received from The Institution of Electrical Engineers, 
London, December 1958, 12 pages, 11 illustrations.) 

MANY railways to-day are faced with the problem of 
improving their services, to compete with other modern 
forms of transport, to meet increased traffic due to 
national development, or to reduce their working 
expenses. The trend is therefore to heavier trains and 
higher speeds, which require more powerful locomotives 
for operation on existing track or track improvements for 
more efficient locomotive operation. The ultimate 
restriction on the movement of trains on any railway 
system is the track, and poor permanent way imposes 
limits on axle load and speed, and restricts operation of 
the train services. Although powerful locomotives can 
be built to run on poor permanent way, they often are of 
complicated and expensive design and are still subject to 
the speed restrictions imposed by the track. 

For very heavy freight trains the adhesive weight is of 
primary importance, but for high-speed passenger trains 
the greatest power possible is required within the per- 
missible axle load. Adhesion does not present the same 
problem on diesel or electric locomotives as it does with 
steam, since most of the weight, if not all, can usually be 
made adhesive, and the torque delivered to the driving 
wheels is even. 

In recent years, however, the application of high- 
speed lightweight diesel engines to rail traction has 
opened a field for locomotives of total adhesion, light 
weight, and high power. Conventional diesel-electric 
locomotives of comparatively high power are equipped 
with engines running at 600 to 1000 rpm. Since the 
weight of a diesel engine and its associated generator is 
largely dependent on speed, the use of higher-speed 
engines can increase materially the power which can be 
provided within a specified locomotive weight. More- 
over, any saving in weight of the power unit is, in effect, 
doubled by the reduction in weight of the mechanical 
parts. 

Savings in both operating and maintenance costs 
result from the use of lightweight locomotives, such as 
the 3300-hp Deltic locomotive described in this paper. 
This locomotive is the most powerful single-unit diesel 
locomotive yet built, and its weight/power ratio (72 lb/hp) 
is the best so far achieved in any diesel locomotive. 

In accumulating over 200,000 miles in service, much 
has been learned from the operation of the prototype 
Deltic locomotive. It has been engaged on a variety of 
duties, including the working of some of the heaviest and 
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A new way with Pipes, 





The illus..ation is shown by courtesy of Rolls-Royce Limited 


elbows, ducts 
and valves 


Wilmot Breeden, interested in the manipulation of metal in the cold state, 
have developed, in co-operation with famous jet engine firms, manufacturing 
methods for systems handling fluids at high and low temperatures. 


Pipes, elbows, ducts, valves and bearing housings are formed in nickel-chrome alloys ina 
succession of press operations from a flat blank. Other processes are rolling, spinning, welding, 
precision machining and high temperature brazing in atmosphere-controlled furnaces. 
The method allows for a high degree of accuracy and thus minimises leakage problems. 
Complex and varied formations can be quickly produced. Pipe bend radii can be kept small 
in relation to diameters without appreciable variation in wall thickness or change of section. 
Strict quality control is maintained by our radiological and metaliurgical laboratories. 

The illustration shows a typical component which forms part of the external anti-icing 
ducting of the Rolls-Royce Conway engine. This system has metal spherical sealing faces 
and transmits air at elevated temperatures and pressures with a minimum of leakage. 


If you have an application for this new method we should be pleased to investigate and advise. 


Wilmot Breeden 


are skilled in metal manipulation Wilmot Breeden Lid., Birmingham 
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fastest express passenger trains on British Railways, and 
it has also undergone an exhaustive series of perform- 
ance and efficiency tests. 

The concept of installing sufficient power in a single- 
unit diesel locomotive, complying with restrictive axle 
loads and load gauges, to work any trains operating on 
British Railways has been confirmed. In fact, on many 
occasions the reserve of power has been used to good 
effect in making up time lost by permanent-way slacks, 
signal checks, and other causes. 

Being essentially a development of advanced design 
on which several novel schemes have been tried out, the 
locomotive has inevitably suffered from a number of 
initial troubles, but on no occasion has it failed com- 
pletely on the open line. The valuable experience gained 
has suggested a number of improvements which will be 
embodied in similar locomotives shortly to be built. 


Creep Tests on Mild Steel at Room Temperature. 

By A. JOSEFSSON and G. LAGERBERG. (From Jernkon- 
torets Annaler, Sweden, Vol. 142, No. 9, 1958, 
pp. 570-584, 7 illustrations.) 

AT room temperature, steels are generally considered to 
be practically unaffected by creep, but there are cases in 
which attention has had to be paid to creep at room tem- 
perature, e.g., in springs and in high-strength wire for 
prestressed concrete. This paper is concerned with creep 
tests at room temperature on steels in which ferrite was 
the main component. In one of these steels the ferrite 
contained both carbon and nitrogen in solid solution ; in 
another, aluminium was added, nitrogen being precipi- 
tated as aluminium nitride ; and, in a third, titanium was 
added, both carbon and nitrogen being precipitated from 
the ferrite as practically insoluble titanium compounds. 
Some comparative tests,wereJat the same time made on 
electrolytic copper. The*aim of the tests was to establish 
the character of the creep at room temperature in the 
various metals. A matter of special interest was to inves- 
tigate whether creep can takeplace at stresses below the 
conventionally determined yield point. An estimate was 
also made of the influence of temperature on the rate of 
creep. 

Only if the dissolved carbon and nitrogen in the ferrite 
are reduced to very low values by the addition of titanium, 
so as to eliminate the yield point, is a continuous creep 
observable over long periods. Attempts were also made 
to determine the influence of temperature on creep rate. 
These tests indicate a rise in creep rate by some 3°, for a 
temperature increase of 1°C (in the range between 20 and 
30°C), corresponding to an activation energy of 5000 
cal/mol. 

In ferrite in which carbon and nitrogen, or carbon 
alone, exists in solid solution, and which therefore exhi- 
bits a distinct upper yield point, no creep is observed, 
provided that the stress does not attain the upper yield 
point determined by normal tensile testing. With well- 
centered load the stress can far exceed the lower yield 
point for an unlimited period without the development 
of creep. In the vicinity of the upper yield point a rapid 
flow of up to 10°, (corresponding to the flow region in a 
normal stress-strain curve) takes place, possibly after a 
certain incubation time, being followed by creep which, 
however, stops completely within the course of two hours. 


Experimental Investigation of a Pressurized Air-Lubricated 
Journal Bearing in the High-Speed Range. 

By N. F. RieGeR. (From an advance copy of a paper 
received from The Institution of Mechanical Engineers, 
London, December 1958, 10 pages, 11 illustrations.) 

IN recent years, there has been considerably increasing 

interest in air bearings. Most of this interest has been 

prompted by the increasing speed ranges of many types 
of industrial equipment in common use and, whilst the 
main advantage offered by the air bearing is its inherently 
low friction resistance, most of the attention has been 
centered around the establishing of safe and reliable 
operating conditions, i.e., the determination of the pres- 
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sure distributions within the bearing clearance and 
optimum air-flow conditions. 

Nevertheless, quantitative information on the nature 
of the frictional resistance is also desirable, both as a 
means of establishing a theoretical analysis of air-bearing 
performance, when such a theory is evolved for the 
pressurized case with side leakage considered, and also as 
a guide for future designs of even higher-speed apparatus. 

As described in this paper, experimental apparatus 
has been developed and used to study the friction char- 
acteristics of an externally pressurized air-lubricated 
journal bearing. The effects of variations in speed, load, 
diametral clearance, and inlet pressure have been studied 
over a wide range at high speeds. The experimental 
friction coefficients have been compared with those 
given by the well-known Petroff formula, and a reason- 
able degree of correlation has been found. 

Bearing air consumption has been measured, and a 
linear-relationship between air-mass flow and _ inlet 
pressure is indicated. Curves relating load-carrying 
capacity to various ratios of inlet pressures are included, 
the applied loads being carried by hydrostatic flotation in 
all cases. The bearings used were plain cylindrical 
bushes of 12 in. diameter and 14 in. length. Compressed 
air was admitted through three sets of radial inlet holes 
around the bush circumference, pressures being adjusted 
to keep the shaft and bush as concentric as possible. 


An Improved Method of Transformer-Oil Preservation 
and its Effect on Gas Evolution. 

By W. J. DEGNAN, G. G. Doucette, Jr., and R. J. 
RINGLEE. (From Power Apparatus and Systems (A.1.E.E.) 
U.S.A., No. 38, October 1958, pp. 657-666, 17 illus- 
trations.) 

As described in this paper, tests were made on variable- 
and constant-pressure oil-preservation systems to deter- 
mine their effects on gas evolution and, in addition, to 
describe in some detail the construction and operating 
features of a new preservation method, devised to com- 
bine the constant-pressure feature with an impermeable 
isolating diaphragm between the atmosphere and the oil 
in the expansion tank. Like the conservator, this method 
requires negligible maintenance. 

From the test results it was established that the pheno- 
mena of supersaturation and gas evolution can take place 
in a full-size transformer operating under realistic field 
conditions and can result in internal corona and break- 
down. The data show that it is necessary to have the oil 
supersaturated to an excess partial pressure of 2 to 3 psi 
in order to produce bubbling, and that considerable time 
is involved for the gas-absorption process. 

The tests offer convincing evidence that gas evolution 
can occur with variable-pressure systems and that this 
phenomenon has actually been a dominant factor in 
several field failures of a number of large power trans- 
formers. The unusual nature of this behaviour, and 
the general lack of telltale evidence following a failure 
of this type, may have led many to overlook the possi- 
bility that gas evolution has been responsible for addi- 
tional field failures. 

Supersaturation and gas evolution can occur under 
conditions of load cycling in a full-size power transformer 
equipped with a variable-pressure oil-preservation system. 
Intense corona is produced, and breakdown results when 
pooled bubbles collect adjacent to regions of high di- 
electric stress. Using a reduced pressure range of ] 
to + 3 psi materially reduces the risk of bubble evolution. 

Methods of oil preservation, such as the conservator 
and the new method with constant gas pressure at the 
oil-air interface, do not cause gas evolution and therefore 
completely eliminate the hazard. The new oil-preserv- 
ation system offers advantages over the conservator in 
providing not only constant pressure (and hence no gas 
evolution) and negligible maintenance, but also no 
mechanical interference, better control of gas and 
moisture pick-up from the atmosphere, and maintenance 
of the highest electrical strength of oil. 
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With the more efficient ‘straight-through’ ventilation system, ‘ENGLISH ELECTRIC’ ment 




















ventilated motors to BS.2960 give complete protection in virtually all positions. 
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\UTOMATIC TELEPHONE-ANSWERING AND 
MESSAGE-RECORDING MACHINE 

Machines for automatically answering the telephone 
and recording messages are, of course, not inherently 
new. In fact, machines of this type have been success- 
fully developed, particularly in the U.S.A. and in 
Switzerland, where they enjoy considerable popularity. 
However, the latest type, the ‘“* Ansafone ”, produced 
by Southern Instruments Ltd., of Camberley, Surrey, and 
the only one approved for use in England by the General 
Post Office, has the advantage of providing most of the 
facilities afforded by its more elaborate predecessors in 
one compact, simple, and neatly styled unit of attractive 
appearance and even available in a variety of colour 
schemes. 





In operation, when an incoming call is received, the 


“ Ansafone *’, which is connected to the telephone by a 
simple jack, remains inoperative for from 10 to 15 sec. 
During this period, should the subscriber answer the 
telephone personally or the caller ring off, the machine 
similarly does not connect itself to the line. If, however, 
the bell is still ringing after this period, the machine auto- 
matically takes over, making a pre-recorded announce- 
ment (on a separate magnetic tape with automatic re- 
wind) and inviting the caller to leave a message, which is 
duly recorded on another tape and may be of any length. 
If the caller stops speaking for a period exceeding about 
10 sec, the machine announces that it is closing down and 
then automatically disconnects itself from the line. 
However, if the caller’s silence is due to circumstances 
such as looking up information, etc., any sound, such as 

“hello”, before the end of the 10-sec period is sufficient 
to keep ‘the machine operative. When the caller has 
finished his message and rings off, the machine closes 
down, ready to receive the next call. The total recording 
time on the tape is 30 min, but special provision has been 
made to ensure that the machine does not answer a call 
at all, if not more than 3 min of recording time is left on 
the tape. The recording level applied to the tape is con- 
trolled automatically to compensate for variations in the 
quality of telephone lines and between faint and loud 
speech. 

The machine, which measures only 16 « 124 x 8 in. 
high, also has other functions. Thus, by operation of 
simple controls, it can be used to record two-way tele- 
Phone conversations and, in fact, to provide all the 
facilities of a conventional tape-recorder for speech. 
Playback of messages is also through the machine, via a 
built-in loudspeaker or a separate pair of earphones. Old 
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messages are sibinaeiiiaaii erased as new messages are 
recorded, but a special erase control is also incorporated, 
enabling indiscreet or confidential messages to be erased 
in whole or in part, as required. 

A special feature of the “ Ansafone”’ lies in the 
design of the magnetic relays used in its construction. 
Like other machines of its kind, these relays are exten- 
sively employed and, as is well known, magnetic relays 
can often prove a source of trouble. The relays used in 
the new machine have been specially designed and tested 
to ensure that, despite repeated operation, servicing 
troubles directly attributable to faulty relays are reduced 
to an absolute minimum. 

While there is no doubt that the ** Ansafone ” ewill 
find a ready application in large organizations, e.g., for 
relieving office staff, recording long reports, etc., it is 
particularly suitable for private and professional sub- 
scribers and for small businesses, making it possible to 
leave telephones unattended and thereby to save con- 
siderable time and personal attention. 


PILOT-PLANT HYDROTHERMAL PROCESS OF 
PRODUCING SYNTHETIC QUARTZ 

According to a joint announcement by the Western 
Electric Company, Inc., of New York, and the Bell 
Telephone Laboratories, Inc., of New York, production 
of synthetic quartz for communication devices by the 
hydrothermal process has now reached the pilot-plant 
stage. The hydrothermal process has been widely in- 
vestigated on a laboratory scale for some years, and quartz 
crystals of about } in. square by 14 in. long have been 
successfully grown at the Bell Laboratories. Now, how- 
ever, the processing equipment has been scaled up for 
pilot: -plant investigation, and quartz crystals of from 

2 to 3 in. in each cross-sectional dimension and from 5 
to 6 in. in length have been grown in this equipment. It 
should, however, be understood that operations have not 
been directed towards growing the biggest possible 
crystals, but towards determining the optimum processing 
parameters. 

In the hydrothermal process, a long, narrow, vertically 
mounted autoclave is filled with an alkaline solution, 
usually sodium hydroxide. Small pieces of readily avail- 
able natural quartz are then placed in the bottom of the 
vessel to provide the nutrient, but future production will 
utilize even less costly and more readily available material 
as the nutrient, e.g., high-quality sand. Seed plates cut 
from either natural quartz, or previously grown synthetic 
crystals, are hung from a rack in the upper section of the 
vessel. After sealing, the autoclave is heated to the 
required temperature and is maintained under a constant 
temperature differential from bottom to top for the 
requisite processing time, varying from one week to 
several weeks, depending on the experiment being per- 
formed. 

Economical growth rate considerably in excess of 
0:06 in. per day has been achieved. Since growth occurs 
primarily in one dimension, flat seed plates are used 
which effectively become thicker, but change little in other 
dimensions. The rate of growth varies with each of a 
number of conditions, including the alkalinity of the 
solution, temperature, and percentage fill (or pressure). 
In addition, operation of the hydrothermal process 
depends on the maintenance of a temperature differential 
between the nutrient area and the seed-plate area. The 
nutrient dissolves in the hotter lower region and is carried 
by convection currents to the cooler upper region. The 
lower temperature here leads to a supersaturated condi- 
tion in the nutrient solution, causing the dissolved quartz 
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io redeposit onto the seed plates in single-crystal form. 

One of the main problems which appeared in scaling 
yp the pilot-plant equipment was that of finding a suitable 
closure for the autoclaves. The laboratory vessels were 
simply welded tubes supported by capped, high-pressure 
piping. A repetitive closure was required for the larger 
autoclaves, and a satisfactory closure was developed which 
gives a tighter seal as the pressure inside builds up. The 
combination of high temperature and pressure condi- 
tions in this process is believed to be one of the most 
severe encountered in any process industry at present, and 
gave rise to a number of material-selection and equip- 
ment-design problems. 


HYDRAULIC SURFACE GRINDER 

The new Type S-3 6 18 in. hydraulic surface 
grinder, announced by The Norton Company of Wor- 
cester, Mass., is stated to provide a substantial increase 
in table speed, reducing grinding time by as much as 
50%, compared with similar machines. In addition, the 
high maximum table traverse speed (125 fpm) reduces 
burning, checking, and cracking of the work, this being 
particularly true when grinding heat-sensitive steels. 


pore feature is the capacity a the porno for 
grinding a workpiece as high as 15 in. above the work- 
table with a standard 8-in. diameter grinding wheel. 
Furthermore, the two hand-scraped flat ways of the base 


are long and wide, resulting in a minimum bearing 
pressure, while the straightest possible cross-tracking of 
the saddle is ensured by a special guide rail and preloaded 
ball-bearing roller construction, this feature being parti- 
cularly important in grinding square shoulders. Long 
vertical ways provide rigid support, even at the maximum 
height of 15 in., and the box-type base provides per- 
pendicular support for the saddle ways. The wide saddle 
supports the sliding table with minimum overhang, in 
turn providing maximum support for the work. 
Accurate hydraulic cross-feed at each table reversal is 
easily set by a graduated dial-type knob. A two-speed 
vertical-feed handwheel provides rapid movement for 
Positioning, with a fine feed, graduated in increments of 
00001 in., for precision feed. Contouring of the wet- 
attachment splash-guards allows the operator to see the 
work and the wheel easily, contributing to rapid and 
easy set-up. Setting up is further simplified by a centered 
reversing lever which permits the operator to line up the 
table dogs with the ends of the work. The table dogs 
themselves are set with finger pressure, eliminating the 
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need for hammering, and are designed in such a way that 
they can pass the reversing lever when the sliding table is 
operated by hand, eliminating the need for moving the 
dogs. Finger-operated latches at the ends of the sliding 
table disengage the hydraulic cylinder, permitting easy 
manual operation of the table. 


LAPPING ATTACHMENT FOR FACE-MILLING 
CUTTERS 

A new lapping attachment for face-milling cutters, 
announced by Alfred Herbert Ltd., of Coventry, is speci- 
fically designed to ensure the necessary relationship 
between the cutter and workpiece by enabling the cutter 
to be lapped in position on the spindle from the machine 
table, and also to restore quickly and easily a fine-lapped 
finish to the blades. The attachment bolts directly to the 
machine table, and the lapping operation takes place.on 
the machine without the setting being altered, permitting 
almost continuous machining with a minimum of idle 
time. The attachment is also portable, enabling it to be 
moved from one machine to another with a minimum of 
delay, whenever the need arises. 

The new attachment, which is entirely new in design, 
versatile in use, and simply in operation, is available as a 
single-wheel unit. Provision is made for fitting the lap- 
ping wheel at either end of the spindle, enabling lapping 
to be carried out in any position within the limits of the 
attachment, when used on vertical or horizontal single- 
spindle milling machines. A separate wheel and indexing 
box can be provided, converting this attachment for use 
on duplex or multi-spindle machines, where it is not 
always convenient to change the position of the wheel. 
Fig. 1 shows the attachment in use on a horizontal 
milling machine, and Fig. 2 on a vertical milling machine. 

The vertical column permits the wheelhead to be 
adjusted vertically to any height within its range. The 


adjustment is obtained by unlocking the clamping handle 
and rotating the jackscrew elevating the swivel base, 
Attached to this 


which runs in a tenon slot in the column. 
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“TELEGAS” 
Probe Assembly 






Edwards High Vacuum Ltd. chose SINTOX 
ceramic for their ‘ Telegas ’ Probe Assembly 
for the following reasons : 1. Its chemical 
cleanliness and, therefore, freedom from 
contamination. This is important because the 
* Telegas ” is for testing the hydrogen content 
of pure aluminium melts, and obviously it 

is essential that no contamination is introduced 
to give a false reading. 2. Its resistance 

to thermal shock. The probe is taken from 
room temperature and plunged into molten 
aluminium at a temperature of over 850°C. 


.. the unfailing answer is 


Sintox Technical Advisory Service 


This service is freely available without obligation to those requiring 
technical advice on the application of Sintox Industrial Ceramics. Please 
write for booklet or any information required enclosing blue print if 
available. 


INDUSTRIAL CERAMIC 
SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY 
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base is the swivel head, which can be set in a vertical or 
horizontal position and which can be adjusted to a 
maximum of 10 deg. either side of the horizontal or vertical 
position, to produce the required clearance angle on the 
cutter blade. To set this angle, the locking lever is re- 
leased and the wheelhead is rotated to the angle required. 
Although the attachment is designed primarily for vertical 
and horizontal machines and graduations are at 90-deg. 
intervals, extra graduations can be added for inter- 
mediate angles, if required. A further bracket is bolted 
to this swivel head for setting the dish angle, which is 
adjusted by means of a micrometer thimble. This bracket 
in turn carries the wheelhead, mounted on ball-bearing 
pivots, enabling it to oscillate smoothly without sticking 
and allowing it to return, by means of spring loading, to 
its original position when released. 

An electric motor on the wheelhead casting drives, 
by means of a rubber belt, the lapping-wheel spindle. 
The feed of the lapping wheel, which applies the required 
cut, is achieved through a micrometer dial adjustment on 
the spindle quill, allowing very small increments of feed 
to be applied. 

The attachment is designed to cover a large range of 
machines, and the capacity can be increased by using 
simple packing blocks. It is suitable for lapping most 
makes of inserted-blade face-milling cutters. 


MINIATURE SILICON RECTIFIERS 

Stated to be the most economically priced silicon 
rectifiers of their type on the market, the recently de- 
veloped Sarkes Tarzian ‘“* F ’’ series of miniature silicon 
rectifiers, announced by Ad. Auriema, Inc., of New York, 
are rated at 750 mA d.c. with voltage ratings of 200, 400, 
and 600 V, and are encapsulated in a volume of less than 
0-004 cu in. 





Advantages of these rectifiers, which are colour- 
coded and finished in a marked sleeving, with an overall 
diameter of about 0-325 in. and an overall length of about 
0:275 in., include reverse currents in the micro-ampere 
range, stability from —55° to 150°C, a voltage drop 
of approximately 0-8 V at 750 mA, and extreme shock 
and vibration resistance. 


HIGH-TEMPERATURE VEE-BAND CLAMP 
COUPLINGS FOR PIPES 

Suitable for operating temperatures between —184 
and +- 980°C, a pipe coupling recently developed by the 
King Aircraft Corporation, of Hillington, Glasgow, offers 
corrosion resistance to a variety of chemicals and can be 
used at pressures in the 6000-psi range. Designated 
“ Conoseal ’’, the unit is based on the Vee-band clamp 
principle and consists of a male and female flange and an 
all-metal gasket, the flanges being suitable for either lap- 
or butt-welding to the pipeline or duct. The standard 
range offered covers pipe bores from ? to 10 in. in dia- 
meter, and is available in aluminium alloy, mild steel, 
Stainless steel, or Inconel, depending on the temperature 
and fluid characteristics involved. 

The Vee-clamp type of coupling offers special advan- 
tages where rapid connection and disconnection are re- 
quired, and the low weight and small envelope char- 
acteristics are considerable, compared with bolted flange 
joints. The ‘‘ Conoseal” unit, by virtue of its all-metal 
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construction, has a wide application in pneumatic and 
hydraulic control lines. It is resistant to liquid carbon 
dioxide, liquid nitrogen, and liquid sodium, and is suit- 
able for use in atomic power plant installations, aircraft 
fuel systems, and missile applications associated with 
cordite gases, as well as in a wide range of industrial 
ducting applications. 





Unresolved Problems of Fluid 


Mechanics 
(Concluded from page 48) 


be learned not only when stalls will occur, but what types 
of stalls are found and the primary elements of behaviour 
of each type. In many practical flow problems, design 
compromises necessitate the acceptance of a stalled flow. 

Since, at present, there is only partial qualitative 
understanding of stall behaviour, the designer is fre- 
quently faced with totally unpredictable flow situations. 
However, if the time, effort, and money to carry out 
systematic observations are spent, experience indicates 
the likelihood of making manageable the most pressing 
problems in fluid flow. 


CONCLUSIONS 


The major conclusions of the full report may be 
summarized as follows :— 

(1) The central fluid-mechanics problem of the 
mechanical engineer is prediction of the pattern and 
performance of the flow in passages of all types. Despite 
this, a number of very common geometries appear to 
have had little or no investigation along what appear to 
be the most promising lines of attack. This conclusion 
strongly suggests that a continuing need exists for a co- 
ordinating body on _ mechanical-engineering fluid- 
mechanics problems, and that the lack of such a body in 
the past has been partly responsible for an over- 
dependence on the methods laid out by aeronautical 
engineers for the problems of external flow. 

(2) The most pressing research needs in fluid mech- 
anics still lie in the areas of shearing flow and large-scale 
transient phenomena, which are probably related to a 
large extent. Prediction of the advent and behaviour 
of stall is perhaps the most pressing single problem. The 
most promising method of attack on this problem and 
on the problem of improved passage-design methods 
appears to be along the lines of systematic gathering of 
data, involving both quantitative results and careful 
visualization. In many cases, data which are essential 
to both the prediction of overall patterns and to the 
formulation of rational theory are not at present avail- 
able. 
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advantages: 


. ONE LEVER controls both oil and air, 


. RADIAL MOVEMENT allows burner to be 


. QUICK RELEASE inner assembly makes nozzle 


. ANY FURNACE ATMOSPHERE selected at will and 


proportioning 
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5. VARIABLE AIR/OIL VALVE COUPLING 
allows selection of the correct air/oil ratio 
while the burner is running. Any ratio one 

selected remains constant from high to low 

flame. For extra-low flame see below. 


keeping the ratio constant from maximum 
to minimum firing rate, easily and efficiently 
operated by unskilled labour. 


easily controlled in groups on one furnace in- 
stantly and accurately by shaft or cable. Manual 
or automatic control. 


6. EXTRA-LOW FLAME SHIELD provide 
low flame for special applications. 


cleaning a simple operation. Patent withdrawal 


: . 7. REGULATING SLEEVE allows adjustment of flame 
latch overcomes sticky fuel oils. 


shape while the burner is in operation. 





maintained throughout firing range with uniformly 
high CO,. Often gives reduced fuel consumption of |0- 
20% when replacing ordinary burners in particular 
applications. 


8. ISOLATOR VALVE shuts off air supply when servic: 
ing the burner. An intermediate setting gives 
reduced air pressure for quicker simpler lighting. 


MODELS 
PRN. | cap 34 imp. gals/hr 


PRN. 3 (available shortly) 
PRN. 2 cap 6 imp. gals/hr 


PRN. 4 cap 30 imp. gals/hr 


Particulars from 


NU-WAY HEATING PLANTS LTD. (Box A359), DROITWICH 


and at London, Manchester, Newcastle, Glasgow, Belfast, Dublin, Bristol. 
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NEWS OF THE MONTH 








PERSONAL 


Mr. G. D. Elliot, O.B.E., has been appointed deputy 
general works manager of Appleby-Frodingham Steel 
Company, a branch of The United Steel Companies, 
Limited. He will succeed Mr. J. D. Joy as general works 
manager on April 1, 1959. Mr. Joy became deputy general 
manager of the company on January 1, 1959. 


Bennis Combustion Limited announce that Mr. 
J. S. A. Hodge, F.A.C.C.A., F.T.1.1., has been elected 
chairman, Mr. B. W. Dawkins has been appointed 
managing director and Mr. C. J. Hereford, M.I.H.V.E., 
M.Inst.F., a director of the company. The other two 
members of the board are Mr. N. C. Crighton, 
A.M.I.Mech.E., M.Inst.F., and Mr. E. L. Hollinshead. 


Mr. H. G. Nelson, M.Inst.C.E., M.1I.Mech.E., 
M.LE.E., managing director of The English Electric 
Co. Ltd., has been appointed chairman of the following 
subsidiary companies of the group: D. Napier & Son 
Ltd., Marconi’s Wireless Telegraph Co. Ltd., Marconi 
Instruments Ltd., English Electric Valve Co. Lid., 
Vulcan Foundry Ltd., and Robert Stephenson & Haw- 
thorns Ltd.; also of the associated company, The 
Marconi International Marine Communication Co. Ltd. 


Fluidrive Engineering Co. Ltd. announce that Mr. 
Harold Sinclair, M.I.Mech.E., who has been managing 
director for 30 years, has retired from that position at 
his own request, but he continues as chairman and 
engineering director. Mr. Leonard Watson, who joined 
the Company in 1934 and has been executive director 
since 1951, took over the managing directorship on 
January 1, 1959. 


The United Steel Companies Limited announce that 
Dr. W. Davies has been appointed geological consultant, 
Mr. I. M. D. Halliday has been put in charge of continu- 
ous casting research, and Mr. C. Holden has been ap- 
pointed head of the furnace research section. Mr. A. S. 
Babb is to take charge of a new trackwork and structure 
section and Mr. D. Shaw of the new electronics section. 


Mr. Wilfrid Newland, commercial director, and Mr. 
Harold George Dunn, M.I.Mech.E., M.S.A.E., have been 
appointed to the board of Simms Motor Units Limited. 


The Sheffield Twist Drill & Steel Co. Limited an- 
nounce the appointment of Mr. John Dodd as their 
Midlands technical representative for the demonstration 
and sale of the Dormer Drill Sharpening Machine which, 
incidentally, aroused great interest at a recent exhibition 
in Switzerland. 

Mr. Harold Bateman, A.M.I.Prod.E., has been 
appointed technical sales engineer for H. W. Kearns & 
Co., Limited, for North Derbyshire, Nottinghamshire, 
— and Yorkshire (except parts of the North 

iding). 


Mr. R. R. Kenderdine, M.I.Prod.E., has been elected 
a director and has been appointed managing director of 
Crompton Parkinson Limited. 


Ferranti Limited announce that Mr. A. J. Gray, 
B.Sc., A.M.I.E.E., has been appointed general works 
manager, Mr. G. R. C. McDowell, B.Sc., works manager 
of the Transformer Department, Mr. P. D. Hall, B.Sc., 
M.LE.E., manager of the Computer Department, and 
Mr. J. R. Pickin, B.A.(Hons.), manager of the Elec- 
tronics Department. 


Mr. Ken Jones has been appointed general manager 
of the Vitreous Enamel Development Council. 
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Mr. W. Forbes Ritchie, until recently chief engineer 
of the Consolidated Pneumatic Tool Co. Ltd. at Fraser- 
burgh, has been appointed Manager of Factory Opera- 
tions. 


Dr. A. J. Kesterton, at present superintendent of steel 
production in the Steel Company of Wales Ltd., is taking 
up the appointment of managing director of Davy British 
Oxygen Limited. 


_ _Mr. Fred Walker, methods engineer at Fort Dunlop 
in Birmingham, has been appointed manager of the com- 
pany’s overseas engineering department. 


The Dart Spring Co. Ltd., of West Bromwich, an- 
nounce that Mr. F. Bownes, A.M.Inst.B.E., A.M.B.I.M., 
A.M.I.W.M., has been appointed general manager, Mr. 
M. H. Slater, A.M.I. Prod. E., works manager, and 
Mr. T. D. Griffiths, A.M.I.W.M., technical manager. 
Mr. R. G. Herring, who has been with this organization 
for 53 years, will remain in a consultative capacity. 


Black & Decker Limited announce the appointment 
of Mr. A. McDonald, M.A., A.M.I.E.E., M.1.Prod.E., 
as chief standards engineer at their Harmondsworth 
factory. 

Mr. George S. Sanders, B.Sc.(Eng.), A.C.G.I., 
A.M.1I.Mech.E., has been appointed head of the newly 
formed Group Productivity Services Department of the 
Solartron Electronic Group, Ltd. 








Beryllium Copper 
“*Wavey’’ Washers. 
For Electronic Com- 
ponents. Range 
10 BA to 4 BSF. Corrosion resisting, non-damaging to com- 
ponents, higher resistance of ‘‘ set ’’, higher recovery of load, 
permanent spring action. They are fabricated from Beryllium 
copper, heat treated to VPN 350 minimum, Electro Plated 
to DTD.924, Cadmium Plated 











to DTD.904 and Passivated 

to DTD.923. Samples and LEAVE IT TQ 
price lists on request. 

THE LEWIS SPRING CO. LTD OF REDDITCH 
RESIN NOSE oe | SeesSWSne' wike count 
London Office : 122 High Holborn, ee ee 
W.C.1 * Tel: Holborn 7470 & 7479 
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The largest event of its kind in the world nt 


annc¢ 
as L 
will 
equi 
Olympia on a floor space of over a quarter of a million square feet, over 500 of the 7 


If you are an Engineer—of whatever kind—this is YOUR Exhibition. In 


world’s leading manufacturers will show their most up-to-date equipment for Buil 
your benefit. This Exhibition has been internationally famous for over engé 
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50 years. It occurs only once every two years. Previously it has been held in gene 
: : : e 
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OLYMPIA - LONDON ~ 
APRIL 16th - 30th 1959 | wi 


Opening hours : April 27th, 28th, 29th—10 a.m. to 8 p.m. 
ALL OTHER DAYS — 10 a.m. to 6 p.m. CLOSED SUNDAYS 


ORGANISED BY F. W. BRIDGES & SONS LTD. 


Grand Buildings, Trafalgar Square, London, W.C.2. 
Tel: Whitehall 0568, 5 lines. 
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The North British Rubber Co. Ltd. announce that 
Mr. Ralph D. Hunt has been elected a director and has 
been appointed deputy managing director responsible for 
sales and marketing. Mr. Hunt resigned his position as 
managing director of U.S. Rubber International (Great 
Britain) Ltd., though remaining on the board of that 
company. 

Mr. E. P. Smith, M.B.E., T.D., A.C.A., has been 
appointed a director of Wrights’ Ropes Limited, and 
Mr. W. L. Ross, A.I.M., has been appointed a director 
of The Rollason Wire Company Limited. 





MR. W. E. WRIGHT 





It is with profound regret that we have to announce 
the death of Mr. W. E. Wright, F.C.S., late director of 
The Pyrene Metal Company Limited. Mr. Wright 
joined the Pyrene Company nearly 30 years ago and 
pioneered in this country the use of phosphate coating 
processes. 


BUSINESS NOTES 


The General Electric Co. Ltd. announce that an 
agreement has been reached with Vacuum Industrial 
Applications Ltd., of Wishaw, Scotland, which combines 
the resources of the two companies in the vacuum- 
heating field for the design and manufacture of complete 
vacuum-furnace installations. 


Blackburn & General Aircraft Ltd., makers of the 
Navy’s N.A. 39 bomber, have set up a new department 
at Brough under Dr. Harry Fuchs for the design and 
manufacture of electronic equipment. 


Automotive Products Associated Ltd., London, 
announce the formation of a new company to be known 
as Lockheed Precision Products Ltd. The new company 
will manufacture and sell aircraft and industrial hydraulic 
equipment. 

The Owen Organization announce the formation of a 
new company, Mahindra Owen Private Limited, Gateway 
Building, Apollo Bunder, Bombay 1, India, which will be 
engaged in the production and sale of motor vehicle 
components, as well as components for heavy and 
general-purpose trailers and chassis. 


Electrical & Musical Industries Ltd. and A. C. Cossor 
Ltd. announce that they have decided on a policy of co- 
operation in the development of their Canadian market. 
E.M.I. have subscribed further capital to Cossor’s exist- 
ing subsidiary, Cossor (Canada) Ltd., the name of which 
has been changed to E.M.I.-Cossor Electronics Ltd. 





As part of the reorganization of the A.E.I. Group, 
Siemens Edison Swan Ltd. has been divided into three 
divisions, i.e., the Cables Division and the Telecommuni- 
cations Division which came into operation on January 1, 
1959, and the Radio and Electronics Division which will 
commence its operation on January 1, 1960. 


G. D. Peters & Co. Ltd. have acquired the share 
capital of Hancock & Co. (Engineers) Ltd., manu- 
facturers of oxygen-cutting machines and of Weldcraft 
Limited, manufacturers of welding equipment. Both 
companies will continue with the same name and as 
members of the Peters Group. 


Anti-Dust Services Ltd., of Dudley, Worcs., have 
opened an office at 27 Eastern Avenue, Wanstead, Lon- 
don, E.11, to offer their services in the control and 
elimination of dust in industrial processes. 


The Sheepbridge Engineering Group announce that 
Small and Parkes Ltd. will continue with the sale and 
distribution of materials made by Sintered Products Ltd., 
but will no longer act on an exclusive basis. Future sales 
will be directed by Mr. G. Wilson, sales manager, Sin- 
tered Products Ltd., and technical sales and development 
by Mr. R. I. Blackwell of Sintered Products Ltd., and 
by Mr. W. Kitchen of Small & Parkes Ltd. 


The International Rectifier Corporation, of Los 
Angeles, Cal., U.S.A., and the Lancashire Dynamo 
Holdings Ltd., of England, announce the establishment of 
the International Rectifier Company (Great Britain) Ltd., 
which will shortly begin the manufacture of semiconductor 
products in the United Kingdom. A new 10,000 sq ft 
plant is planned for the new company and is intended to 
be opened before the end of 1959. Principal products 
to be manufactured are silicon diodes and silicon power 
rectifiers. 


Alfred Herbert Ltd. announce that they have acquired 
the whole of the issued share capital of The Holbrook 
Machine Tool Company Ltd., of Stratford and Harlow, 
makers of the Holbrook precision lathes. 


BTR Industries Ltd. announce that an agreement has 
been reached in principle whereby the company acquires 
the whole of the capital of Microcell Ltd. and of the 
associated companies, Glass Yarns and Deeside Fabrics 
Ltd. and Artrite Resins Ltd. Mr. Henry Kremer, chair- 
man and managing director of Microcell Ltd., will con- 
tinue in that capacity and will join the Board of BTR 
Industries Ltd. 


Heather Filters Ltd., manufacturers of air filtration 
equipment and distributors for humidity control equip- 
ment, have moved their offices to 7 Kendall Place, 
London, W.1 (Tel: HUNter 1801). 



























There are over 1,500 different combinations 
with 40 basic components of 
ACRU NEON INDICATOR LAMPS 










Cheadle, Cheshire. 





All models can now be supplied with green 
fluorescent bulbs. 


AVERAGE LIFE 25,000 HOURS 


ACRU ELECTRIC TOOL MFG. CO. LTD. 


Acru Works, Demmings Road, Councillor Lane, 


Telephone: GATley 6058 
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When you 
need an alloy 


TO RESIST LOW TEMPERATURES 


When operating temperatures drop to sub-zero ‘K’ Monel is used for bolts in low-temperature 

the high-nickel alloys often prove successful, service as well as for non-magnetic instrument 

for instead of becoming brittle, these alloys parts. 

retain their high ductility and toughness as 

their strength and hardness increase. The choice of materials for difficult applications 
is a job for the expert. Our Technical Service 

Monel, for example, is used in oxygen vapor- engineers are ready to give advice on the 

isers and in helium liquefiers operating within applications of Wiggin high-nickel alloys in the 

4 degrees of absolute zero. light of many years’ specialised experience. 











Diiiinndiaine 0-2 per cent Tensile 
— Proof Stress Strength Elongation Impact 
in 2 in. : 
ce F. tons per kg. per tons per kg. per per cent ft. lb. 
sq. 1m. sq. mm, sq. in sq. mm. 

Room Room 56 88-5 70-2 110-5 ei 

79 110 60 94-5 76:5 121 27 

Room* Room* 56 88-5 70-3 111 26 


*Cooled to and held at —79°C, (—110°F.) for several hours prior to testing at room temperature. 











Mechanical Properties of Grade D ‘ K’ Monel Cold-drawn Thermally Hardened Rod at Low a 


WIGGIN KNOW NICKEL ALLOYS 


*K* Monel and registered trade marks. 
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Resist Protect product Provide Provide electri- Resist Transfer Provide Provide spring 
corrosion purity high strength cal properties wear heat workability properties 
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Hayward Tyler & Co. Ltd. and Somo Pumps Ltd., 
manufacturers of electric submersible pumps, announce 
the establishment of a joint office at Devereux House, 
Church Hill, Coleshill, near Birmingham (Tel: Coleshill 
2233/4). 

Airmec Limited, of High Wycombe, Bucks., have 
been appointed sole agents in the United Kingdom for 
the Microlambda Company, of Italy, manufacturers of 
precision microwave measuring instruments and ancillary 
equipment. 

It is announced that an agreement has been reached 
between The Plessey Co., Ltd. and the Arnold Engineering 
Company, of Illinois, U.S.A., for the interchange of 
technical information concerning the manufacture of 
cast permanent magnets of high energy. The magnets 
will be manufactured by Preformations Limited, a com- 
pany formed for the development and production of 
permanent magnets in this country. 


CONTRACTS 


In the face of keen German competition, the Dunlop 
Rim & Wheel Company have secured from the Czecho- 
slovak Government a contract, worth £470, 000, to supply 
semi-automatic production lines for the manufacture of 
passenger-car and commercial-vehicle rims. 


The British Insulated Callender’s Cables Group has 
been awarded a contract by the Italian Railway Board for 
the design, supply, and installation of 25-kV, 50-cycle, 
single-phase, a.c. overhead equipment. The approximate 
value of the contract is £2,500,000. 


The Incandescent Heat Co. Ltd. have received an 
order for an annular-hearth natural-gas-fired rotary 
furnace, to be installed in Northern Italy, for heating 
alloy steel blanks used in the production of high-pressure 
liquefied-petroleum gas bottles. 


The Bronx Engineering Co. Ltd. have received an 
order for eight tube-straightening machines from Stan- 
koimport, Moscow. 


Decca Radar Limited announce that they have 
received orders for fitting 300 vessels with their new D7 
series of marine radar. The vessels include s.s. British 
Statesman, s.s. British Judge, the new German liner 
Bremen, eight tankers of Caltex, New York, and five 
tankers of the Texas Company. 


A £70,000 contract for buses has been received from 
the Ceylon Transport Board by Leyland Motors Ltd. It 
will be added to the orders worth £900,000 which the 
board has placed with the Leyland group during the past 
fifteen months. 


Further contracts have been placed by the National 
Coal Board, West Midlands Division, No. 1 (North 
Staffordshire) Area, with Associated Electrical Industries 
Ltd, Heavy Plant Division, Rugby, for four winder 
plants very similar to those previously ordered for Wil- 
Stanton Colliery. The new orders are valued at nearly 
£700,000. Each winder consists of a 3300-hp, 20-pole 
d.c. motor, overhung from the winder- pulley shaft, and 
the associated motor-generator set comprises a 2400-kW 
generator driven at 500 rpm by a 3000-hp slipring induc- 
tion motor. The mechanical equipment is to be made by 
Vickers-Armstrongs (Engineers) Ltd., subcontractors to 
A.E.I. Heavy Plant Division. 


ELECTRICAL SHOW AT EARLS COURT 


The Electrical Engineers (A.S.E.E.) Exhibition will 
be opened by Lord Brabazon of Tara, president of The 
Royal Institution of Great Britain, on March 17, 1959. 
The show will occupy more than 450,000 sq ft, and more 
than 430 firms will exhibit their products and develop- 
ments. The exhibition will remain open until March 21. 
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INTERNATIONAL CONVENTION ON 
TRANSISTORS 


The Radio and Telecommunication Section of The 
Institution of Electrical Engineers have found it necessary 
to hold their International Convention on Transistors 
and Associated Semiconductor Devices a few days earlier 
than previously announced. The new dates are May 21 
to 27, 1959. Associated with the convention will be the 
International Technical Exhibition covering the manu- 
facturing, application, research, development, and other 
aspects of transistors and associated semiconductor 
devices. This exhibition, which will remain open during 
the period of the convention, will also be held at Earls 
Court. 


AUSTRALIAN EXHIBITION 


The first Australian exhibition of automatic analytical 
instruments is to be held in the Sydney showrooms of 
Watson Victor Ltd. during the fortnight beginning on 
February 23, 1959. The instruments will be represent- 
ative of those made by the London firm of Hilger & 
Watts Ltd. whose sales director, Mr. D. R. Stanley, 
together with technical specialists from this country, will 
be present at the exhibition. Samples of steel and non- 
ferrous alloys will be tested on the spot and the results 
will be presented in no more than a few minutes. The 
analytical instruments displayed can be used to analyse 
metals as well as powders, glasses, oils, ores, clays, 
and soils. 


SYMPOSIUM ON HIGH VACUA 


The Institute of Physics is arranging a one-day sym- 
posium entitled “‘ Current developments in the produc- 
tion of high vacua ” to take place in London on April 17, 
1959. There will be three sessions, i.¢., (a) chemical and 
ionic pumping in kinetic vacuum systems, (b) problems 
in the production of high vacua in large equipment, and 
(c) analysis of residual gases in kinetic vacuum systems. 
Abstracts will be circulated before the symposium, the 
proceedings of which will not be published in full. All 
communications regarding the symposium should be sent 
to the Secretary, The Institute of Physics, 47 Belgrave 
Square, London, S.W.1. 








DING-DONG 
HACKSAW BLADES 


ask YOUR DEALER FOR DING-DONG 
Manufactured by CHARLES BAYNES, LTD. 
BLACKBURN, LANCS. TEL. 6862 








PRESSURE DIECASTINGS 
JOHN IRELAND (WOLVERHAMPTON) Ltd. 


Bilston Street, Wolverhampton. 
Telephone: 22134 








OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND, LT 


LTD. Telephone : 
13 DOWRY SQ., BRISTOL 


Bristol 27604 
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NEW TECHNICAL BOOKS 








Fundamentals of Transistors. Second Edition, 1958. 
By Leonard M. Krugman, B.S., M.S., P.E. 176 pp., 121 
illustrations. Publishers : John F, Rider Publisher, Inc., 
116 West 14th Street, New York 11, N.Y. Price : $3- 50. 

Retaining all the salient features of the first edition, 
especially with regard to the use of practical numerical 
examples to illustrate formulae and equations, this new 
edition has been considerably revised and enlarged to 
bring it thoroughly up to date. 

Revisions and additions include the theory, con- 
struction, and operation of the most modern semi- 
conductor devices, including surface-barrier, intrinsic, 
drift, avalanche, and spacistor types ; modified illus- 
trative circuits and design principles for amplifiers, oscil- 
lators, and high-frequency applications ; review questions 
at the end of each chapter, for the purpose of emphasizing 
major topics ; and an extensive reference list at the end 
of each chapter for those requiring a more advanced 
treatment of specific derivations, concepts, circuit 
applications, and design techniques. 


Year Book of the Heating and Ventilating Industry, 
1958-59. 512 pp. Publishers : Technitrade Journals Ltd., 
Southampton Row, London, W.C.1. Price : 10/6 
(postage 1/6). 

Compiled in collaboration with the Associatior: of 
Heating, Ventilating, and Domestic Engineering Em- 
ployers, this twelfth issue of the Year Book of the Heating 
and Ventilating Industry provides in one compact volume 
all the relevant technical, contractual, and other trade 
information required by architects, consulting engineers, 
surveyors, and others who are continually in close contact 
with heating and ventilating contractors. 

In addition to a number of papers on heating and 
ventilating problems, useful details are included of appro- 
priate British Standards, wage rates, agreements for 
apprentices and wages and working conditions of crafts- 
men, etc. in the industry, and standard conditions of 
trading, together with a comprehensive buyers’ guide, 
trade names, and lists of manufacturers’ addresses and 
technical and trade associations. 


Yearbook of International Organizations, 1958-59. 
1264 pages. Published by the Union of International 
Associations, Palais d’Egmont, Brussels, Belgium. U.K. 
Representative:—E. S. Tew, 91 Lyndhurst Gardens, 
Finchley, London, N.3. Price: 78/-. 

With the increasing importance of international organ- 
izations in the planning and execution of international 
programmes, it is not surprising that there is a definite 
requirement for some convenient reference book provid- 
ing accurate and up-to-date information about such 
organizations. This volume fulfils this requirement 
admirably, constituting an authoritative guide compiled 
on the basis of a world-wide survey. 

In this new 7th edition, all entries have been revised 
and 178 new entries incorporated since the 1956 issue. 
Specially devised classification and indexing systems 
ensure easy handling. Rapid comparisons can be made 
of changes which have occurred in any particular organ- 
ization between 1956 and 1958, and a special section 
provides a handy guide to the European Communities 
and their organs. 


The Theory and Design of Magnetic Amplifiers. By 
E. H. Frost-Smith, B.A., Ph.D., A.M.LE.E. 508 pp., 195 
illustrations. Publishers: Chapman & Hall Ltd., 37 
Essex Street, London, W.C.2. Price: 75/-. 

As a result of thé increasing adoption of magnetic 
amplifiers in control systems, a knowledge of their theory 
and design is becoming essential. This excellent book, 
then, the first in a new series of books on Automation 
and Control Engineering, gives an account of the theory 
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of magnciic amplifiers and links up theory with design 
ina way which is of undoubted value not only to practis- 
ing engineers but also to students. Some typical problems 
to which magnetic amplifiers have been applied success- 
fully have also been included. 

The author, quite apart from his thorough industrial 
experience, has the advantage of being able to write well 
and lucidly, enabling him to impart his knowledge and 
ideas fluently and interestingly. 


Fundamentals of Pipe Drafting. By Charles H. 
Thompson. 70 pp., 140 illustrations. Publishers: John 
Wiley & Sons, Inc., New York, and Chapman & Hall 
Ltd., 37 Essex Street, London, W.C.2. Price: 28/-. 

A good general knowledge and skill in mechanical 
drawing, coupled with the ability to use data supplied by 
the manufacturer, are the basic requirements of the piping 
draughtsman, whose responsibility it is to follow the 
instructions of the engineer and to provide, in the form of 
drawings, information the workman can understand. 
Although many textbooks relating to pipes in their 
various uses have been published, very little consider- 
ation has been given to draughting in relation to pipe 
work, and, despite the fact that many draughting text- 
books touch on the subject, a more complete treatment 
is necessary for students who wish to specialize. 

This excellent book therefore fills a distinct need, in 
that it has been specifically designed for students who 
have accomplished the basic skills of mechanical draught- 
ing and wish to develop specialized skills in the field of 
pipe draughting. As such, information is presented 
which pertains directly to piping as related to draughting, 
and certain material of special use to engineers has been 
intentionally omitted, in order to concentrate on the 
many details draughtsmen must take care of in their 
capacity as aides to engineers. 





FOR VARIABLE SPEED DRIVES 
specify 


BRAMMER 
TWIN-BELT 


.and minimize loss of production caused 
by breakdown and costly dismantling of 
machinery for replacement belts) BRAMMER 
TWIN-BELT can be fitted without dis- 
mantling, and will give longer life! Greater 
flexibility, resistance to compression, wear, 
skidding, heat and oil, make BRAMMER 
the most versatile variable speed belt. Any 
length of belt can be made from stock coil. 


“Cheapest in the long run” 
fact with BRAMMER. 


High compressive Strength combined with 
Flexibility. 


H. BRAMMER & CO., 
Hudson Road, Leeds 9 


is the hard won 


LTD. 
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truly Flexjpie couplin® 


Stainless steel membranes put flexibility into Metastream Couplings— 
they provide lateral, angular and axial flexibility independent 
of the torque transmitted—they are corrosion resistant to a high degree and 
unaffected by operating temperatures and atmospheric conditions. 
Prices Reduced. Improved manufacturing methods, increased 
production and lower cost of raw materials, enable the prices of 
the popular sizes of Metastream Couplings to be reduced by 10° below list. 


METASTREAM _— . 
— hee payecl conjpiity 6% me poled dhdée 


spacer and non-spacer 


Does not require lubrication. 


light duty spacer 





Simple all-metal construction. 
non-spacer for 


No springs—gears—chains—rubber single bearing units 


bushes—roller or sliding members. cardan shaft units 


the cheapest all metal 
non-lubricated coupling 
in the world 





No thrust transmitted. 








There’s a complete range of couplings for all duties and horse-powers. Please write for full details. 


METADUCTS LIMITED 


CATHERINE WHEEL ROAD, BRENTFORD, MIDDX. TELEPHONE EALING 3678 


A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES. 
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LATEST INDUSTRIAL LITERATURE 


—_—_—— 





j, Torsion Bars. Issued by a leading British firm 
specializing in the production of light, medium, and 
heavy forgings, a well-produced and illustrated 28-page 
hooklet gives pertinent details of the composition and 
manufacturing procedure of torsion bars, and of the 
relevant design-data, including basic formulae, pre- 
setting, alignment of splines, and permissible stresses. 

Although torsion bars are mainly used in motor-car 
suspensions, they also have a number of other applica- 
tions, some of which are discussed, including springs for 
doors, motor-bicycle saddles, and steam valves. In addi- 
tion, they can be used for more delicate applications, e.g., 
in weight-measuring instruments, where an exactly repro- 
ducible torque-twist characteristic is required, and, in this 
connection, the firm is prepared to make such bars speci- 
ally stabilized and calibrated to a predetermined torque 
per unit twist. 


2. Colour Conscription for Industry. Beautifully con- 
ceived and illustrated in colour, a 24-page brochure draws 
attention to the fact that, no matter how effective any 
type of illumination may be, other factors also contribute 
vitally to easy seeing conditions. One of the most im- 
portant of these conditions is the judicious use of colour, 
and this publication shows in a simple and graphic form 
the principles involved in conscripting colour for purposes 
which are other than purely decorative and how the 
influence of properly selected colours can be directed 
towards the greater safety of personnel and to increased 
industrial production. 

In addition, a pocket in the brochure contains a 
number of leaflets covering industrial finishes, stoving 
finishes, and quick-drying finishes. 


3. Automatic Boring and Facing Head. Details are con- 
tained in an illustrated leaflet of an automatic boring and 
facing head, with a capacity up to 134-in. diameter, 
designed for use on boring machines, jig borers, lathes, 
drilling machines, milling machines, and other machine 
tools. The head is ideal for operations which normally 
require complicated and costly tooling used only at 
infrequent intervals, and is eminently suitable for boring, 
counterboring, facing, key-seating, and threading, with- 
out any need to reclamp the workpiece. A micrometric 
adjustment is provided, and the head is both robust and 
simple to operate. 


4. Brass and Alloy Pressings. Beautifully conceived and 
produced, an 8-page illustrated brochure, issued by a 
firm with over 50 years of experience in making non- 
ferrous forgings and pressings, gives examples of the 
company’s range of activities and products in the field of 
brass and alloy pressings, including hot brass pressings, 
light-alloy pressings, and aluminium-bronze pressings. 

The dies used are of exceptional accuracy, ensuring that 
| pressings are to specification and of a superior standard 
of finish, and heat-treatment plant is installed which is 
capable of heat treatment of light-alloy pressings to 
critical limits under closely controlled conditions. 


5. Molybdenized Lubricants. Issued by a pioneering 
British firm in this field, a well-produced 34-page booklet 
\s perhaps the most complete guide so far published in 
» connection with the use of a wide range of molybdenized 
lubricants for industry, ranging from aircraft to watches 
and clocks, and from engines and gears to springs, servo- 
systems, and rubber components. 

The full range is described in simple terms, and in- 
cludes general-purpose lubricants, molybdenized greases 
and lubricating oils, molybdenized fluids and diesters, 
and molybdenized polyalkalene glycols and spring 
lubricants. In addition, confirmation of the quality of 
these lubricants is given, together with a list of the 
general uses of these products. 
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6. Ball-Bearing Slewing Rings. Capable of absorbing 
and transmitting radial, axial, and tilting forces, a range 
of ball-bearing slewing rings described and illustrated in a 
4-page brochure supersedes anti-friction bearings requir- 
ing a central pivot guide, thereby providing a low mount- 
ing height, with a free centre space for such parts as 
slewing motors or hydraulic circuits. 

The rings consist of two or three rings of rolled or 
forged high-tensile steel, into which the ball races are 
machined to precision limits and locally hardened. The 
rings are held together by high-tensile bolts spaced 
equidistantly about the ring and tapped into the upper or 
lower ring. Available in different types, i.e., as single- 
and double-row bearings with two-part construction for 
axial and radial loads, and as double bearings with three- 
part construction for high axial and/or tilting moments 
these slewing rings can be supplied in diameters up to 
13 ft in one piece or up to 21 ft in segments. 


7. Pneumatic Equipment. Issued by a well-known manu- 
facturer, a well-produced and illustrated 36-page booklet 
gives representative examples and applications of a 
comprehensive range of pneumatic equipment for use in 
a wide variety of installations, including excavators, oil- 
well drilling rigs, ships, locomotives, railcars, mechanical- 
handling equipment, and nuclear power stations. The 
equipment includes numerous types of control, position- 
ing, and auxiliary devices, compressors, and fittings. 


8. Automatic Arc-Welding Equipment. Details are 
given in a 20-page illustrated brochure of automatic 
arc-welding equipment which incorporates a system of 
control providing improved sensitivity and which has 
been designed primarily for the fabrication shop, with 
emphasis on versatility, simplicity, robustness, and ease 
of maintenance. 

The equipment can be purchased at a modest price 

as a manual welder, but it is immediately available for 
extension to fully automatic applications. At the same 
time, it should be noted that the output characteristics 
for hand welding are appropriate for this duty and differ 
from those provided for automatic welding, this facility 
being offered in one equipment by simply turning a 
switch. In addition, if desired, two transformers can be 
used in parallel to supply an output current of 1200 A to 
the welding head, which has been specifically designed to 
meet this duty. & 
9. Gauges. Published by a firm who have specialized 
in the production of gauges of all kinds, a well-produced 
and illustrated 32-page catalogue lists and describes a 
comprehensive range of gauges, including plug gauges, 
spherical pin gauges, screw-thread gauges, ring gauges, 
gap gauges, and inspection equipment, e.g., compound 
sine tables, with and without Tee slots, sine bars, Vee 
blocks, and sets of external setting discs. In addition 
examples are given of representative receiver gauges, 
some of them of a most intricate nature, designed for use 
in the automobile, electronics, jet-engine, and general 
engineering industries. 
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PNEUMATIC = 
SAW MACHINE a 


CAPACITY 23” or 3’’ BARS OR TUBES (a 


Dead square cut. No work 
hardening. No dust. No fraze. 
Fixed or variable speeds. 

Fixed work position for rigid 
control. 






















































The work is gripped on both ‘ ¥ VOL 
sides of the saw blade, waste ends 
eliminated. * SEMI-AUTOMATIC 
Fully automatic machines with MACHINE 
magazine feed for short lengths. suitable for cutting 
2}” dia.” —" 60 secs. Semi-automatic machines for long lengths and tub- FA 
1”, dia. —' 12 secs. long lengths. ular bends. 
We can also offer standard or special purpose machines 
for screwing or cutting-off or both. May we quote you? 
2 i,” — 10 secs Write for descriptive leaflet E.D.1, or call at our Works for a The 
1 A” — 3 secs demonstration. 
2” square — 50 secs. ; \ 
I” square"—.12'secs. VOUCHER LTD., ESSEX TERRACE, INTOWN, 
i WALSALL, STAFFS, 
2” x 2” —35secs. FULLY 
 <E—ie we Telephone: WALSALL 2759 & 3396 





MACHINE 


VULGASCOT LEVEL-MOUNTS BOXES of assorted 
SPRINGS 


Vulcascot Anti-Vibration Rubber Pads 
@ 3 DOZ. SPRING 


PER BOX 









@ Reduce vibration 
and wear. fa 











@ Simplify Machine 
Installations. 


@ Precision Levelling 
without shims. 


No drilling of floors. 


TENSION 
SPRINGS 
Box No. ATL 1/18 
17G to 25G. |” to 
6” long. Price 6/4d. 
per box. 

Box No. ATH 19/36. 
16G to 11IG_ 1}” to 6” 
long. Price 25s. per box. 
COMPRESSION SPRINGS 
Box No. ACL 101/118. 17G to 25G. 
4” to 3” long. Price 10/4d. per box. 
Box No. ACH 119/136. 16G. to 1G. I” 
to 6” long. Price 14/0d. per box. 


VULCASCOT (GT. BRITAIN) LIMITED | “15° S°RINcs TO SPECIFICATION. 


87-89 ABBEY ROAD, LONDON, N.W.8 | AIREDALE SPRING MANUFACTURERS LIDEe 
Telephone MAIDA VALE 7374/5 OXENHOPE, Nr. KEIGHLEY, 8. Yorks. Tel: Haworth 3 


@ Less noise, less ner- 
vous strain. 








Send for ov" 
list of Standard 


Write or phone for literature 
Springs 


to the manufacturers: 
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FANS 


The “ Resista’’ P.V.C. 
Fan is impervious to the 
chemical action of strong 


INDUSTRIAL 
SILENCING 


Where noise creates problems as < 


with Pneumatic Hammers, High 
Pressure Blowers, air noises on 
Dust and Fume 
Plants, _ especi- 
ally during 
night shifts the 
purpose de- 
signed “‘Airfio’’ 


OF MiCHIG 
MAR 16 19 


ENGINE 
“nasa 


FEBRUARY, 1959 


DUST 
COLLECTION 


* Airflo” ‘E’ Type Dust 
Collecting Unit. For dry 
non-fibrous, non-explosive 
dusts with air temperature 
ing 160°F. Fully 

ji device. 


POWERED ROOF 
VENTILATOR 


“ Airflo” Powered Roof 
Ventilator. Fits any roof 


angle. 


Light enough for 


WELDING TABLE 


* Airflo”? Welding 
Table—the perfect 
working surface for 
welding, brazing 
and soldering. 
Fumes drawn away 
from operator. Sup- 
plied complete with 
motorized unit. 








